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(54) Phenylbenzimidazole derivatives 

(57) An anticancer agent, an antiviral agent or an antimicrobial agent which contains, as an active ingredient for 
acting on ONA. a compound presented by the following formula (1) or its pharmacologically acceptable salt: 



RiCCHjjUCONH 



■^-^^ N jQpCONH(CH2) 0 R 2 (1) 
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Description 

The present invention relates to compounds which are novel phenytbenzimidazole derivatives which bond to DNA 
and inhibit the growth of cells, and it also relates to compositions which comprise these derivatives and to the use of 
5 these derivatives for the preparation of anticancer agents, antimicrobial agents and antiviral agents. 

Some of compounds which act on DNA can be used as anticancer agents. For example, adriamycin has been useful 
as an anticancer agent which intercalates DNA. Furthermore, compounds such as cisplatin and mitomycin which react 
with DNA have also often been used. Such an anticancer function based on the action on DNA can be considered to 
be established to some extent though all of the function cannot be elucidated. On the other hand, in recent years. 
io distamycin and netropsin have been noticed as substances which bond to DNA to exert an anti-tumor activity [Nature. 
Vol. 203. p. 1064-1065 (1964)]. Much attention has been paid to these substances as groove binders which are different 
from the conventional anticancer agents in a bonding mechanism to DNA. In addition, a compound such as Hoechst 
- 33258 (Nucleic Acids Research. Vol. 16. p. 2671-2690 (1988)1 is also known whose bond to DNA has already been 

confirmed. . 

15 However, it cannot be presently presumed at all from the knowledge regarding the conventional anticancer agents 
what moiety of each anticancer agent is an actually necessary structure or what other structure can be substituted. 
Nevertheless, it is valuable to predict and search the presence of another compound having a desirable structure. Such 
a search of the new structure is considered to be particularly required for the creation of a novel anticancer agent 
Moreover, compounds in which an alkylating agent is bonded to the distamycin derivatives are known, and typical 

so examples of such conpounds are described in J. Am Chem. Soc., Vol. 107. p. 8266 (1985). EP-A-246868. WO 93- 
13739 J Med Chem.. Vol. 32. p. 774 (1989). and the like. Other compounds are also known in which an alkylating 
agent is bonded to a corrpound similar to the distamycin (US-A-5273991). In several of these compounds, a bis(2- 
chloroethyOamino residue is used as the alkylating agent but it is already known that this residue is a part of the structure 
of the anticancer agent For example, chlorambucil is known as the anticancer agent having the bis(2-chloroethyl)amino 

25 residue in its molecule. The anticancer activity of this compound is presumed to be the result of its alkylation to DNA. 
an enzyme or the like. However, the merit of adding the alkylating agent having a chloroethylamine structure as a partial 
structure of the anticancer agent which bonds to DNA has scarcely been recognized so far. 

The above-mentioned distamycin is a typical example of the compounds which bond to DNA. but compounds which 
have benzimidazote in each molecule and which can bond to DNA are also known. For example. Hoechst 33258 has a 

so structure containing two benzimidazoles, a phenol and a piperazine. In this compound, however, a feature that aromatic 
rings are bonded via amide bonds as in the distamycin is not present Comparing these structures with each other, the 
structures which can bond to DNA are definitely different from each other. That is to say. the structures capable of bonding 
to DNA can be classified into some groups, but there has not been found any report in which the evaluation of their 

usefulness is made. , . . . . . 

55 The present inventors have searched a novel structure in expectation of the presence of a compound which has a 
structure other than known conpounds. partially maintaining the structure of benzimidazole and which has an anticancer 
function. As a result novel conpounds having a structure, in which a phenyl group is directly bonded to benzimidazole 
and another substituertt is added via an amide bond, have been selected as useful anticancer agents. Above all. 1 H-2- 
phertylbenamidazole-5-carboxamide derivatives have been particularly selected. These compounds possess novel 
40 structures. Furthermore, these conpounds show an inhibitory activity on tumor cell growth equal to that of distamycin 
in vitro. This activity as the anticancer agent has also been newly found by the present inventors. 

The activity as the anticancer agent can probably be enhanced by the addition of an alkylating agent. This has been 
simultaneously investigated, and as a result it has been apparent that a compound containing the alkylating agent exerts 
a higher anti-tumor activity as compared with another compound containing no alkylating agent It has been understood 
45 from this fact th*t the corrpound having the skeleton of phenylbenzimidazole can become a high-active anticancer agent 
by adding the alkylating agent into the molecule of the compound. 

On the basis of the above-mentioned knowledge, the present inventors have completed the invention of novel arm- 
cancer agents. , . I, 
An object of the present invention is to provide a novel compound which acts on DNA, or a novel compound wnicn 
so has a partial structure capable of acting on DNA and which is useful as an anticancer agent. 

A compound of the present invention which can achieve the above-mentioned object is a compound represented 
by the following formula (1) or its pharmacologically acceptable salt: 



55 



2 
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5 



Ri(CH 2 ) m CONH 




^^CONH(CH 2 ) n R 2 



(1) 



H 



10 



wherein each of m and n is independently an integer of from 0 to 5; each of and R 2 is independently a hydrogen 
atom, a halogen atom, an alkylthio group having 1 to 8 carbon atoms, preferably 1 to 4 carbon atoms, an amino group 
which may be substituted, an ammonium group which may be substituted, a sulfonium group which may be substituted, 
a phenyl group which may be substituted, a hetero-f ive-membered ring group which may be substituted, a hetero-six- 
T5 membered ring group which may be substituted, an amidino group, a guanidino group, an amino acid residue or a group 
represented by the formula (2) 



wherein R3 is a direct bond or an oxygen atom {when R 3 is an oxygen atom, m or n of {CH^ or (CH^n to which R3 
bonds is not 0}; R4 is a hydrogen atom, an alkyl group having 1 to 8 carbon atoms, an alkoxy group having 1 to 8 carbon 

30 atoms, a halogen atom, a trif luoromethyl group, a cyano group, an amidino group, a carboxyl group or -COR 7 wherein 
R7 is an alkyiamino group having 1 to 8 carbon atoms which may be substituted by a substituted amino group, an amino 
group which may be substituted by a phenyl group which may be substituted, or a benzylamino group which may be 
substituted; R 5 is a hydrogen atom, an alkyl group having 1 to 8 carbon atoms, an alkoxy group having 1 to 8 carbon 
atoms or a halogen atom; Re is a -(CH^pNfRe^ or -(CH^pNReRg wherein p is an integer of from 0 to 5; R 8 is -CH 2 CH 2 W 

as wherein W is a halogen atom, a hydroxy! group, a mesyloxy group or a tosyloxy group or -OCOR7 wherein R 7 is as 
defined above; R 9 is an alkyl group having 1 to 5 carbon atoms or a mesyl group; and the phenyl group in formula (1) 
having a Ri(CH2) m CONH group can be substituted by the Ri(CH2) m CONH group at any position, preferably at the 3- 
position or the 4-position of the phenyl group. 

The compound of the present invention acts on DNA. and so it is useful as an active ingredient of an anticancer 

40 agent an antiviral agent or an antimicrobial agent 

Now. the present invention will be described in more detail. 

In formula (1). examples of "a halogen atom" represented by R, or R 2 include CI, Br and I. 

Examples of "an amino group which may be substituted" represented by or R 2 include an amino group, 
monoalkyiamino groups and dialkylamino groups substituted by a straight-chain or a branched alkyl group having 1 to 
45 8 carbon atoms. As the dialkylamino groups, those having the alkyl groups of 1 to 4 carbon atoms are desirable. Above 
an, a methylamino group, ethylamino group, n-propylamino group, isopropylamino group, n-butylamino group, dimethyi- 
amino group, diethylamino group, tftpropyiamino group arxJ dite^ 

Examples of "an alkylthio group having 1 to 8 carbon atoms'' represented by R1 or R 2 include straight-chain and 
branched alkylthio groups having 1 to 8 carbon atoms, and typical statable examples thereof include a methytthio group. 
so ethytthk) group. n-propylthio group, tsopropylthio group, n-butyfthio group, isobutylthio group, t-butyfthio group, n- 
pentytthio group, n-hexyfthio group, n-heptyithio group and n-octylthio group. 

Examples of "an ammonium group which may be substituted" represented by Ri or R 2 include a trimethylammonium 
group, a triethylamrnonium group and ammonium groups represented by the following formulae (3-1) to (3-14): 



20 




£5 
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(3-2) 



(3-3) 



(3-4) 



Ml 
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/ 
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(3-6) 



D -+/ \. /=\ + / V 

/ N \_y N R "^N N-< 

(3-8) (3-9) 



Ph 
Ph 



(3-7) 
(3-10) 




(3-11) (3-12) (3-13) (3-14) 



The add residue found as a counter ion to the eve "ammonium group which may be substituted" is required to 
be usable as a portion of drug, and examples of the acid residue include inorganic acid residues for example derived 
from hydrogen chloride, hydrogen iodide, hydrogen bromide, tetraf luoroboric acid, perchloric acid and phosphoric acid, 
organic sulfonic acid residues such as methanesutfbnic acid, toluenesulfbnic add, camphorsulfonic acid and 1.5-naph- 
thalenedisutfonic acid, and carboxylic acids such as tactic acid, maleic add and malonic acid. In these formulae, each 
of R t1 and R 12 js independently a straight-chain or a branched alkyf group having 1 to 8 carbon atoms, and suitable 
examples thereof indude a methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyi group, t- 
butyl group, n-pentyl group, n-hexyl group, n-heptyi group and n-octyl group. 

Examples of "a sutfonium group which may be substituted** represented by Rt or Ra indude sutfonium groups sub- 
stituted by a straight-chain or a branched alkyt group having 1 to 3 carbon atoms, and typical examples thereof include 
a dimethytsutfbnium group, diethylsuffonium group, methylethylsutfbnium group, methylpropylsutfonium group, dfisopro- 
pylsulfbnium group, methylisopropylsuffonium group, and sutfonium groups represented by the formulae (4-1) or (4-2): 
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— N^S-R,, 
(4-2) 



The add residue bound to the above "sutfonium group which may be substituted" is required to be usable as a 
portion of drug, and examples of the acid residue include inorganic acid residues such as hydrogen chloride, hydrogen 
iodide, hydrogen bromide, tetraf tuoroboric acid, perchloric add and phosphoric acid, organic sulfonic acid residues such 
as methanesulfonic acid, toluenesuffonic acid, camphorsutfonic acid and 1 ,5-naphthal enedisultonic acid, and carboxylic 
acids such as lactic acid, maleic acid and malonic acid. In these formulae. t is a straight-chain or a branched alkyl 
group having 1 to 8 carbon atoms, and suitable examples thereof include a methyl group, ethyl group, n-propyl group, 
tsopropyi group, n-butyl group, isobutyl group, t-butyt group, n-pentyl group, n-hexyi group, n-heptyl group and n-octyl 
group. 

Examples of "a phenyl group which may be substituted* represented by R 1 or R 2 include a phenyl group which may 
be substituted with at least one of halogen atoms (a fluorine atom, a chlorine atom, a bromine atom and an iodine atom), 
straight-chain and branched alkyl groups having 1 to 5 carbon atoms, straight-chain and branched atkoxy groups having 
1 to 3 carbon atoms, alkoxycarbonyt groups having 2 to 4 carbon atoms, a trrfluoromethyl group, a cyano group, an 
amicfmo group, a guanidino group and dialkylamino groups in which the alkyl groups have 1 to 3 carbon atoms, respec- 
tively. Suitable examples thereof include a chlorophenyl group, dichlorophenyl grotp. trichlorophenyl group, bromophenyl 
group, dibromophenyl group, tribromophenyl group, fluorcphenyl group, drfluorophenyi group, trifluorophenyl group, 
methylphenyf group, ethylphenyl grotp. n-propylphenyl group, isopropylphenyl group, n-butyfphenyl group, isobutylphe- 
nyl group, t-butyiphenyl group, n-pentylphenyi group, methoxypherryl group, ethoxyphenyi grotp. n-propyioxyphenyl 
group, tsopropyi oxyphenyl group, methoxycarbonylphenyl group, ethoxycarbonylphenyi group. n-propyioxycarbonyiphe- 
nyl group, trrfluoromethytpherryl grotp. cyanophenyl group, amidinophenyl group, guanidinophenyi group, dimethylami- 
nopherryl grotp. diethyiaminophenyl group, dpropylaminophenyl group, methoxyphenyl group and 3.4,5-trimethoxy 
group. In the case of monosubstition, the position of the substrtuent on the phenyl group is the 2-. 3- or 4-position; in the 
case of disubstitution. the positions of the substrtuents thereon are two positions of the 2-, 3-, 4-, 5- and 6-positions; and 
in the case of trisubstitution, the positions of the substituents thereon are three positions of the 2-. 3-. 4-, 5- and 6- 
posrfions. unless otherwise noted. 

Examples of "a hetero-f ive-membered ring group which may be substituted- represented by Ri or R 2 include a 
pyrrolyl group, furyl group, thienyl group, imidazolyl group, oxazolyl group, pyrazolyl grotp, thiazolyl group, isothiazolyl 
group, tsoxazolyi grotp. pyrrolinyl grotp. imidazotidinyl group, pyrazolidinyl group, pyrazolinyl group, furazanyl group, 
tetrahydrofuranyi group, triazolyl group and tetrazoyl group. 

Examples of "a hetero-six-membered ring group which may be substituted" represented by Ri or Rg include a pyridyl 
grotp. pyrimidinyl group, pyranyl group, pyrazinyt group, pyridazinyt group, piperidyl group, piperazinyl group, thiomor- 
phofino group. 4-methy1-1 -piperazino group. 4-benzyM -piperazino gfbup, 1-morpholino group. 1-p'peridino grotp. 4- 
piperkSno group and 4-methyl-1-p*peridino group. 

Here, in the above-mentioned "a hetero-frve-membered ring group which may be substituted" and "a hetero-six- 
membered ring group which may be substituted*', the passage "may be substituted" means that this group may be 
substituted by, for example, a halogen atom (a fluorine atom, a chlorine atom, a bromine atom or an iodine atom), a 
straight-chain and branched alky! group having 1 to 5 carbon atoms, a straight-chain and branched alkoxy group having 
1 to 5 carbon atoms, an alkoxycarbonyt group having 2 to 4 carbon atoms, a haloalkyl group having 1 to 3 carbon atoms, 
a cyano group, an amidino group and/or a dialkylamino group having 1 to 3 carbon atoms. 

"An amino acid residue" as R t or Rj is defined specially in the present invention as a group which can be obtained 
by omitting a carboxyl grotp from an amino acide. Suitable examples of this amino acid include arginine. histidine and 
lysine. 

"A direct bond" represented by R3 means that the substituted or non-substituted phenyl group in the formula (2) is 
directly bonded via no R3. 

Examples of a halogen atom represented by R4 or R 5 in the formula (2) include F, CI, Br and I. 

Suitable examples of a halogen atom of W in -CH2CH2 W represented by R 8 include CI and Br. 

Preferable examples of an alkyl grotp having 1 to 8 carbon atoms represented by R 4 or R 5 include a methyl group, 
ethyl group, rvpropyl group, tsopropyi group, n-butyl group, isobutyl group, t-butyl group, n-pentyl grotp, n-hexyl group, 
n-heptyl group and n-octyl group. 
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Preferable examples of an alkoxy group having 1 to 8 carbon atoms represented by R4 or R 5 include a methoxy 
group, ethoxy group, n-propytoxy group, isopropyloxy group, n-butoxy group, isobutoxy group, t-butoxy group, n-pentyloxy 
group, n-hexyloxy group, n-heptyloxy group and n-octyloxy group. 

Preferable examples of "an alkylamino group which may be substituted by a substituted amino group" represented 
by R 7 include a dimethylaminoethyl group, dimethylaminopropyl group, dimethylaminobutyi group, diethylaminoethyl 
group, diethytaminopropyl group, diethylaminobutyl group, dipropylaminoethyl group, dipropylaminopropyl group, dipro- 
pylaminobutyi group, diisopropylaminoethyl group, diisopropylaminopropyl group and diisopropylaminobutyl group. 

Preferable examples of "an amino group which may be substituted by a phenyl group which may be substituted" 
represented by R 7 include aniline. 4-dimethyiaminoaniline and 4-chloroaniline. 

Preferable examples of "a benzytamino group which may be substituted" represented by R 7 include benzylamine 
and 4-dimetriyiaminobenzyl amine. 

As a pharmacologically acceptable salt any salt is acceptable, so far as it is usable as a drug, and examples of the 
pharmacologically acceptable salt include inorganic add salts such as hydrochlorides, hydrobromates. hydroiodates. 
sulfates, nitrates and phosphates, and organic acid salts such as methanesulfonates. toluenesulfonates. camphorsul- 
fonates. acetates, fumarates, maleates, citrates, oxalates and tartrates. 

Next the compounds represented by formula (1) will be classified into groups A and 6, and typical preparation 
processes thereof will be described. 

Group A: A compound in which R 1 is a hydrogen atom, a halogen atom or a group represented by formula (2), or 
its pharmacologically acceptable salt 

Group B: A compound in which R2 is a hydrogen atom, a halogen atom or a group represented by formula (2), or 
its pharmacologically acceptable salt 

In the undermentioned description and examples, the following abbreviations represeVrt the corresponding com- 
pounds: 

"DCC" ... N.N'-dicylohexylcarbodiimide, 
*CDr... N.N'-carbonyldiirredazole. 
"HOSu" ... N-hydroxysuccinimide, 

*EDCr ... 1 ^3<limethylamirK>propyl)-3-ethylcart>odiimide hydrochloride. 

"DECP" ... Diethyl cyanophosphonate, 

"HOBt" ... 1 -hydroxybenzotriazole. 

"DMAP" ... 4-dimethyiaminopyridine. 

~DMF ... Dimethytformamide. 

THF" ... Tetrahydrofuran, 

"DMSO" ... Dimethyl sulfoxide. 

"IPA" ... Isopropanol, 

"chlorambusyl" ... 4-[4-{bis(2-chloroethyi)amino}phenyI]butyric acid, and 
"Pd/C" ... Active carbon with palladium (usually, the palladium content is 5-10%). 

I. Synthesis of an intermediate 

As shown in the following reaction formula (1). an aldehyde of formula (6) and 3.4-diaminobehzoic acid or its ester 
of formula (7) are heated at a temperature of from 100°C to a reflux temperature, preferably at 130 to 200°C in nitroben- 
zene, and the temperature of the reaction system is then returned to room temperature. A produced 1 H-2-phenylbenz- 
tmidazoIe-5-carboxylic add derivative or its ester derivative represented by formula (5) can be collected by filtration: 



6 



Reaction formula (1): 
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Reaction formula ( 1 ) 



Here, when the ester is obtained, this ester can be hydrolyzed as shown in the following reaction formula (2). 
thereby obtaining a 1 H-2-phenylbenzimidazole-5-carboxylic acid derivative represented by formula (8): 

Reaction formula (2): 




COOH 



Reaction formula (2) 



No particular restriction is put on the amounts of the aldehyde of formula (6) and the 3,4-diarrunobenzoic arid 
ester of formula (7). but in general, the amount of the latter is in the range of from 80 to 1 20 mol parts with respect to 
100 mol pans of the former. The reaction in nitrobenzene is carried out by heating, until the starting materials have 
disappeared, while the progress of the reaction is observed, but in either case, a heating time of 5 to 100 hours leads 
to successful results. The heating may be carried out continuously or intermittently, but the total heating time should be 
in the above-mentioned range. The hydrolysis of the ester can be accomplished by heating the ester in the presence of 
sodium hydroxide or potassium hydroxide in a mixed solvent of water and ethanol or water and methanol. In this case, 
the ratio of water is in the range of from 5 to 90% by weight preferably from 40 to 60% by weight . 
The heating temperature is in the range of from 50°C to a reflux temperature 

Concretely, if 3<titrobenzaWehyde or 4-nfrobenzaldehyde is selected as the starting material. 1H-2-(3-nitrophe- 
nyf)benzirfiia^ole-5-caiboxy!ic acid or 1 H-2^4<irtroprwnyt)benzimkJazde-5^rtx)xyiic acid can be synthesized by the 
same procedure as described above. The compound represented by the formula (8) can be used for the synthesis of 
compounds in the groups A and B. 
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II. Synthesis of a compound in the group A 

As shown in the following reaction formula (3), for example, an amino compound represented by formula (9) having 
R 2 [which is as defined above in the case of the formula (1)] is bonded to a carboxylic acid represented by formula (8) 
in the presence of a suitable condensing agent such as DCC. CDI, EDCI or OECP to obtain an intermediate of formula 
(10). Next, the nitro group of this intermediate is reduced to a corresponding amino compound of formula (11) by catalytic 
hydrogenation, and this amino compound is then reacted with a carbonyl compound represented by formula (12) having 
R t [which is a hydrogen atom, a halogen atom or a group represented by formula (2)] to synthesize a compound of 
formula (1 ) in the group A: 

Reaction formula (3): 



W^^X^Y^ 000 " + H 2 N-(CH 2 ) n R 2 

W^n^ (10) 



H 



N (ll) 

RrfCHJyCOOH (12) " <(C H J^ ONH -^y^Tpr C ° NH<CH2>,,B2 



H 

Reaction formula (3) 



As a solvent for use in the bonding of the amino compound of formula (9) and the carboxylic acid of formula (8) 
in the presence of the condensing agent various kinds of solvents are usable, but DMF or a mixed solvent containing 
OMF is preferred. 

The reaction is preferably carried out in the range of from -5 to 30°C. During the reaction, the progress of the reaction 
can be observed, but a reaction time is usually in the range of from 1 to 50 hours. 

As the amino compound represented by formula (9) having F^, there can be used a compound synthesized from 
known compounds by combining known reactions, or a commercially available reagent For example, when dimethyl- 
arrunopropyiamine. diethylaminopropylamine or dipropylaminopropylamine is used as the compound of formula (9). a 
product can be obtained in which Rg is a substituted amino group. Alternatively, when methylthiopropylamine, ethyfthi- 
opropylamine, propyfthiopropylarrrine or butyl thiopropylamine is used, an alkytthio group can be introduced into R2. Fur- 
thermore, when ami rKXXopyHrimethyi ammonium or aminopropyftriethyiammonium is used, a trimethylammonium group 
or a triethylammonium group can be introduced into R2. The phenyl group which may be substituted, the hetero-f ive- 
membered ring group which may be substituted, or the hetero-six-membered ring group which may be substituted can 
be introduced into Rg of the compound in the group A by using the compound of formula (9) in which R2 is the group to 
be introduced. 

A compound in which R 2 is an amidino group can be synthesized as follows. 

As shown in the following reaction formula (4). the carboxylic acid of formula (8) is first reacted with p-aminopropi- 
onitrile to obtain a reaction mixture containing a compound of formula (13). 

At this time, a usual condensing agent such as DCC. CDI, EDCI or DECP can be used. A method in which HOBt 
or HOSu is added to DCC can also be used. The reaction is suitably carried out at 0 to 30°C. 
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Next this reaction mixture is suspended in ethanol. and a hydrogen chloride gas is then fed. Afterward, the resultant 
crystal is collected by filtration, and then dissolved or suspended in a solvent Ammonia gas is further introduced into 
the solution to obtain a desired amidino compound represented by formula (14). In this case, the solvent is preferably 
ethanol or a mixed solvent of ethanol and methanol. In the mixed solvent the ratio of ethanol can optionally be selected 
in the range of from 10 to 100%. If this amidino compound is used as the compound of formula (10) in reaction formula 
(3). the compound of the group A in which R 2 is an amidino group can be obtained: 

Reaction formula (4): 



Typical examples of the compound of formula (8) in the reaction formulae (3) and (4) include 1H-2-(3-nitrophe- 
ny0benzirrudazole-5K»rboxylic acid or .1 H-2K4-nitrophenyl)benzimklazoIe-5H»rbcixylic acid. 

Next reference will be made to a synthesis method of a compound in which Rj is a desired group. 

For exarrple. a compound in which R t is a substituent represented by formula (2) can be synthesized by a process 
shown by the following reaction formula (5): 





NH 




Reaction formula 



(4) 



Reaction formula (5): 
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Ba R 4 



to 



(15) W ^(CHa) m COOR, 0 (jg^^lCH^COOR,, 
(HOCH 2 CH 2)i!N V^ Rs 525? 



(17) ^^(CH^COOR^ 



?4 



(CICH 2 CH2) 2 N— V *3 

( 18 ) X =^(CH 2 ) fn COOR 10 



25 

C.HCI /-l-^R s 



(CICH 2 CH2) 2 N-f < 

(19) X =^(CH 2 ) m COOH 



50 

Reaction formula (5) 



40 



45 



SO 



SSSn ^ S rat ^ c ry dro flenatior. using Pd/C as a catalyst At this time, methanol, ethanol. 
ZZ a ^° the hte can be used singly or in the form of a mixture of two or more thereof as a solvent The reaction is 

Se^n^addlTS 1 ' 6 * ^JL^ A «™ * in ran ° e of ^ 30^nutes to 2^rs 

nJ«*!Z£Z£X ^ denvat,ve represented ^ formula (15) which can be used herein, there can be used a com- 
™ ™ C ° mpOUnds «V known tactions, or a commercially available reagent 

formulal'l ^ IfS^m^ ^^^'T^ ° fformu,a (16 > is reacted with ethylene oxide to obtain a compound of 
^i* e .' 8 U e t*** 1 "** ^ mixing a solvent such as water. THF. dichloromethane or benzene and 
SSr? 7 ° P i 0na ' rati0 - Can be used as a solvent The reaction is preferably carried out at a SSSSSSS, 
*° 1 jj° C - A action time is suitably in the range of from 1 to SO hours. ^ 

reaaerS^s^^^T f t S^ t " ld * formU ' a (17 > is re P ,aced a « group by the use of a suitable 
S a^Sf JSlS Phosphorus pentachtoride. phosphorus oxychloride. mesyl chloride (in 

oSi,S^ u mes ** lorKie and sodium chloride, a combination of mesyl chloride and lithium chloride or 

™^™°'°J°? C - The reaction feme rs <n the range of from 20 minutes to 5 hours. In this case, a usual solvent such 

™ yi cnionae 18 "sea. the reaction can be carried out without solvent 
represe^S^^r^rf 1 ^ ^T* 8 (18) 080 be "Vdrolyzed with an acid to obtain a carboxylic add derivative 
cSS^b^hSZ J a • eX . amp,e ; 1,16 hydrolysis ^ be successfully accomplished with concentrated hydro 

POurToTft^^ con,paund 0f formu,a < 12 > in «*<*™ fo """'a (3). the com- 

1 * 8 Substrtuen1 represented by formula (2) can be obtained. 

(19) bY^Tcf' f^T*^ repreS6nted by formula (1 1) can be bonded to the conpound represented by formula 

but SufJT^ f^!^ 6 ™" 9 89ent sucn as DCC - CD'.EDCIwDECP.bi this case.aulualsolvert is usable 
but DMF or a mixed solvent containing DMF is preferred. The reaction is preferably earned out inTe^nge 5 JonV-S 
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to 30 C. During the reaction, the progress of the reaction can be observed, but the reaction time is usually in the ranae 
of from 1 to SO hours. Alternatively, the compound of formula (19) can be treated with thiony! chloride or oxalyl chloride 
in a usual solvent (e.g.. methylene chloride, chloroform, toluene and DMF can be used singly or in the form of a mixture 
of hwo or more thereof) to obtain an acid chloride, and this product can be then reacted with the compound represented 
by formula (1 1) to bond them to each other. Here, the reaction is preferably earned out in the range of frames to 30'C 
During tt»e reaction, the progress of the reaction can be observed, but the reaction time is usually in the range of from 
I to 50 hours. 

Another side chain represented by R, can also be prepared by using commercially available reagents and several 
steps of known reactions. 

III. Synthesis of a compound in the group B 

First a technique of introducing R 2 will be described. 

To start with, reference will be made to the synthesis of a compound in which R 2 is. for example, a substituent 
represented by formula (2). 

twoSc^^ WO, ^ irt °* eSUb ^ 

Method Ac 

As shown in the following reaction formula (6). a halogenated benzene derivative (in formula (20) F is shown as an 
example of a halogen atom) containing a nitro group and suitable substituents which isYepresented by formula (20) is 
reacted with N.N-bis(2-hydroxyethyl)aminetoobtain a<»rnpouixfofformula(21).lnthistime.DMSOisusedasasolvent 
and the reaction temperature is in the range of from 20 to 150«C. The reaction time is preferably in the range of from 30 
minutes to 10 hours. As the halogenated benzene derivative containing the suitable substituents. there can be used a 
commeraally available reagent or a compound which can be synthesized by the use of a known reaction. For example 
the halogenated benzene derivative containing an amidino group can be introduced from a halogenated benzene deriv- 
ative containing a cyano group by the utilization of a known reaction. 

Next the thus obtained intermediate of formula (21) is reacted with a suitable chlorinating agent such as thionyl 
cniorrie.oxalylchlor.de. phosphorus pentachloride. phosphorus oxychloride. mesyi chloride or a combination of mesyl 
ehtonde (in DMF) and sodium chloride to obtain a chloride of formula (22). The reaction is carried out at 0 to 1 50°C and 
areaction time is in the range of from 5 minutes to 5 hours. As a solvent, there can be used a usual solvent such as 
chloroform, benzene or toluene. Furthermore, such a solvent can be mixed with DMF. In addition, the reaction can be 
canned out without solvent 

Reaction (6): 



J?V R s HN(CH 2 CH20H) 2 ?« R 

• (20 ) W F OMSO ^ (lO^NCCH.CHeOH), 

X = /N N(CH 2 CH 2 CI) 2 (22) 
Reaction formula ( 6 ) 



Method B. 



. ,^ Sh ° w ™ tne Stowing reaction formula (7). an aniline derivative (in the case that p is 0) or an aminoalkylbenzene 
io^T P 18 1 W more) havinfl 8 nitro 0«>UP suitable substituents which is represented by formula 

(23) is reacted with ethylene oxide to obtain a compound of formula (24). As a solvent at this time, there can be used a 
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mixture obtained by mixing a solvent such as water. THF, dichloromethane or benzene with acetic acid at an optional 
ratio. The reaction is suitably carried out at -20 to 120°C, and a reaction time is suitably in the range of from 1 to 50 
hours. As the aniline derivative or the aminoalkylberuene derivative having the nitro group and the suitable substituents 
there can be used a commercially available reagent or a compound which can be synthesized by the use of a known 
5 reaction. 

Next the compound of formula (24) can be chlorinated with a suitable chlorinating agent such as thionyl chloride, 
oxalyl chloride, phosphorus pentachloride. phosphorus oxychloride. mesyl chloride On DMF) or a combination of mesyi 
chloride and sodium chloride to obtain a compound of formula (25). The reaction is suitably carried out at 0 to 150*0. 
and the reaction time is in the range of from 5 minutes to 5 hours. As a solvent there can be used a usual solvent such 
10 as chloroform, benzene or toluene. Furthermore, such a solvent can be mixed with OMR In addition, the reaction can 
be earned out without solvent in the case of thionyl chloride or oxalyl chloride. 

Reaction (7): 



0 2 NhA Rs ^ C 2 N-A RS 

(23) ^(CH^ (24HW 2 CH 2 0H, 2 

SOCl 2 _ >Hv R s 
— 0 2 N-fj< 

(25) XCH2) p N(CH 2 CH 2 CI) 2 
30 Reaction formula (7) 



20 



25 



Each of the compounds of formulae (22) and (25) obtained in the above-mentioned methods A and B can be 
further subjected to the following reaction to introduce the substrtuertt represented by formula (2) into the compound in 
35 the group B. 

In the first place, each of these compounds (nitro compounds) is catalytically hydrogenated to obtain a corresponding 
amino compound. The reaction formula in which the compound of formula (22) is used is as follows. 

Reaction formula (8): 



(22) N(CHaCH 2 C0 2 (26) W N(CH 2 CH a CI) 2 

SO 

Reaction formula (8) 

The nitro compound of formula (25) can also be converted into the amino cortpound in the same manner. 
ss When hydrochloric acid is added in an amount equal to or more than mols of the nitro conpound, usually in an 
amount of from 1 to 1.2 mols at the catalytic hydrogenation, the amino compound can be stably obtained. The catalytic 
™>genation fe suitab, V c*™** out at 5 to 30*C, and a usual solvent can be used. For exarrple. DMF or a mixed solvent 
of DMF and methanol is desirable. The ratio of DMF in this mixed solvent can be selected in the range of from 5 to 100%. 
preferably from 20 to 100%. 
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For the synthesis of the corresponding amino compound from the usual nitrobenzene derivative, there is usually 
employed the catalytic hydrogenation using Pd/C as a catalyst or a process utilizing a reaction in which tin chloride and 
hydrochloric acid are used. In particular, as the reduction method of the above-mentioned nitrobenzene derivative to 
which N,N-bis(2-chloroethyl)amino group is bonded, there is known a reduction method using tin chloride and hydro- 
5 chloric acid, as reported in. for example. J. Chem. Soc. p. 1972-1983 (1949) or J. Med. Chem. Vol. 33. p. 1 12 to 121 
(1990). 

However, in place of this usual method, the following technique can also be used to efficiently perform the reduction 
reaction, and some treatments subsequent to the reaction can easily be accomplished advantageously. That is to say. 
the nitro compound which is the starting material is dissolved in a suitable solvent for example, a single solvent or a 

to mixed solvent of ethanol. methanol, ethyl acetate. THF and DMF. and Pd/C is then added in an amount corresponding 
to 0.5 to 50% by weight of the nitro compound, followed by hydrogenation at room temperature under atmospheric 
pressure, to obtain the corresponding amino compound. At this time, hydrochloric acid can be added in an amount equal 
to or more than mols of the nitro compound, usually in an amount of from 1 to 1 .2 mols. The catalyst is removed by 
filtration and the solvent is then distilled off. followed by a treatment with one or more kinds of suitable solvents such as 

is ethanol. IPA and ether, whereby a desired hydrochloride can be simply obtained. 

Furthermore, as shown in the following reaction formula (9). an amino compound of formula (28) can be synthesized 
from a carboxylic acid of formula (27) in accordance with a process shown in J. Med. Chem. Vol. 33. p. 30 1 4-301 9 (1990). 



20 



Reaction formula (9): 



*?4 *?4 

> ^(CH 2 ) n COOH > >-(CH 2 ) n NH 2 

"* ^ (27) (28) 



30 Reaction formula (9) 



By the use of this process, an aminoalkylbenzene derivative can be synthesized in which R 3 is a chain having 
35 two or more methylene groups. 

Here, the compound of formula (26) corresponds to the compound of formula (28) in which n is 0 and Re is an N.N- 
bts(2-chloroethyl)amino group. In the following description, therefore, reactions using the compound having formula (28) 
will be referred to. but needless to say. the compound of formula (26) can be used as the compound of formula (28). 
As shown in the reaction formula (10). a benzimidazole derivative of formula (8) is bonded to the amino compound 
40 of formula (28) in the presence of a usual condensing agent (CDI. DECP. DCC, a combination of OCC and HOBt. or the 
like) to synthesize the compound of formula (29). 



so 



SS 



Reaction formula (10): 
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Reaction formula (10) 



As a solvent for this reaction. DMF is desirable, but another usual solvent can also be used. The state of this 
reaction can be observed by TLC or the like to confirm the completion of the reaction, but the reaction is preferably 
carried out for a period of from 1 to 40 hours. The reaction temperature is preferably in the range of from -5 to 40°C. 

Moreover, as -shown in the following reaction formula (11), the nitro group of the compound of formula (29) can be 
reduced to a corresponding amino group by catalytic hydrogenation using Pd/C as a catalyst 

Reaction formula (1 1): 




This reaction proceeds substantially quantitatively. In this case, ethanol, methanol and DMF can be used singly 
or in a combination of two or more thereof as a solvent At this time, hydrochloric acid can be added in an amount equal 
to or more than mols of the nitro compound, usually in an amount of from 1 to 1 .2 mols. The reaction is preferably carried 
out at a temperature of from 0 to 40°C for a period of from 1 0 minutes to 20 hours. 

The bonding of the aniline derivative in the reaction formula (10) and the successive reducing reaction in the reaction 
formula (1 1) establish a novel synthetic route which has not been found in literature so far. For example, a bonding 
reaction of a distamycin derivative and N,N-bis(2-chIoroethyl)-1 ,4-phenyienediamine is disclosed in Japanese Patent 
Laid-open No. 92933/1994. but in this publication, a distamycin moiety is previously synthesized, and the bonding reac- 
tion of N.N-bis(2-chloroethyl)-1 ,4-phenyienediamine is finally carried out. This is based on a conception that the bonding 
of an N.N-bis(2-chloroethy0amino group which is highly chemically reactive is performed in the last step. On the contrary, 
the present inventors have developed the technique that even if the aniline derivative moiety is previously introduced 
into the molecule, the desired compound can be obtained in a high yield. 

Next as shown in the following reaction formula (12). the amino compound of formula (30) obtained by the previous 
reducing reaction is bonded to the carboxyfic acid derivative of formula (1 2) in the presence of a usual condensing agent 
such as OCC. CDI. EOCI or OECP to introduce a R, moiety to the amino compound, thereby obtaining a compound in 
the group B (R 2 is a group shown in formula (2)]. 
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Reaction formula (12): 



5 



10 



is 



\=J~ < hKJ (30) w X 



R 4 R,(CH2) m COOH 
V" 5 (12) 



(30) - p 

H A^ Rs 

Ri(CH 2 UCONH^7^_N T ^ r CONH(CH 2 ) 0 — f 



Reaction formula (12) 



As a solvent for this reaction, a usual solvent is usable, but DMF or a mixed solvent containing DMF is preferred. 
The reaction is preferably carried out at a temperature of from 0 to 40°C for a period of *rom 30 minutes to 40 hours. 

The employment of the following process permits the synthesis of a compound in the group B in which R t is a 
hydrogen atom, a halogen atom or a group other than the groups represented by formula (2). 
25 For example, as shown in the following reaction formula (13). a compound represented by formula (32) can be 
methylated in accordance with a technique descrfoed in J. Org. Chem.. Vol. 25, p. 804-807 (1960) or with the aid of a 
usual methylating agent (e.g.. methyl iodide, dimethylsulfuric acid or methyl p-toluenesuHbnate) to obtain a suifonium 
derivative represented by formula (33). 

30 Reaction formula (13): 



1 s 

CH 3 SCH 2 CH 2 CONH^7Yi^Y^^ CONH(CH2)n ~^y CH3 ' 

X=J N-^^ (32) ~~ 



40 H 



(32) 



(CH 3 ) 2 S*CH 2 CH 2 CONH- N^^rnMU/r.uJ — ff 



(33) 
H 

Reaction formula (13) 

so As a solvent for this reaction, formic acid, acetic acid, acetone or the like can be used. Alternatively, the reaction 

can be carried out without solvent The reaction is preferably carried out at a temperature of from 0 to 60°C for a period 
of from 1 to 60 hours. 

A counter anion (I") of the suifonium compound obtained here can be converted into another anion in a known 
manner. For example, r can be converted into CT by the use of aCT type ion exchange resin (Dowex 1x8). 
55 In the above-mentioned reaction formula (1 2). when a compound in which Rt is a substituted or an unsubstituted 
amino group is used as the compound of formula (12). a compound in the group 8 can be obtained in which R t is the 
substituted or the unsubstituted amino group. 

The thus obtained compound in which Rj is the amino group substituted by two alkyl groups is further alkylated in 
a known manner, whereby this compound can be converted into a compound in which Rt is an ammonium group. 
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Furthermore, as shown in the following reaction formula ( 1 4), a compound represented by formula (34) is methylated 
with methyl iodide to obtain a compound represented by formula (35). , - 

Reaction formula (14): 

5 




20 



Reaction formula (14) 



At this time, a usual solvent such as methanol, acetone, chloroform or methylene chloride is used. The reaction 
2S is preferably carried out at a temperature of from -5 to S0°C for a period of from 1 to 50 hours. 

Moreover, as shown in the following reaction formula (15), when the amino compound of formula (30) is reacted 
with guanidoacetic acid, a compound of formula (36) can be synthesized in which a guanidino groip is introduced into R 1 . 

Reaction formula (15): 

30 



40 



ss 



NH 

R 4 H 2 N-tt-N-CH 2 COOH 

H 2 N. 



l-^Rc; H 



NH 04 

H ^ 36 ^ 
Reaction formula (15) 

A compound in which R t is an amidino group can be synthesized as follows. First the amino compound of formula 
(30) is bonded to a carboxylic acid derivative having a cyano group such as 3-cyanopropionic acid in the presence of a 
usual condensing agent such as DCC. CDI. EDCI or DECP. As a solvent for this reaction, a usual solvent is usable, but 
OMF or a mixed solvent containing DMF is preferred. The reaction is preferably carried out at a temperature of from 0 
to 40°C for a period of from 1 to 24 hours. The resultant product is dissolved or suspended in a solvent and a hydrochloric 
acid gas is then blown thereinto, thereby obtaining an imidated compound. This compound is then dissolved or sus- 
pended in the solvent and an ammonium gas is then blown thereinto, thereby synthesizing the desired compound in 
which the amidino group is introduced into R,. As the solvent ethanol. methanol or a mixed solvent thereof is used. In 
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this case, the reaction is preferably carried out at a temperature of from 0 to 40°C for a period of from 30 minutes to 24 
hours. 

Another compound can be synthesized by changing starting materials under the above-mentioned conditions. 

The compounds in the groups A and B can be synthesized as described above, but the synthesis of a compound 
5 in which both of R 1 and R 2 are groups represented by formula (2) can be accomplished, for example, as follows. 

In the first place, as shown in the following reaction formula (16). a compound (a nitro compound) represented by 
formula (37) can be reduced to a corresponding amino group of formula (38) by catalytic hydrogenation using Pd/C as 
a catalyst. In this case, ethanol, methanol and DMF can be used singly or in a combination of two or more thereof as a 
solvent 

10 

Reaction formula (16): 



15 



20 



N 
H 





R4 

ONH(CH2) n R 3 -f < 



(37) 



Re 



H * Pd/C H 2 N^ 



(38) ^ 



R 4 



H 



30 



Reaction formula (16) 



At this time, hydrochloric acid can be added in an amount equal to or more than mols of the nitro compound, 
usually in an amount of from 1 to 1 JZ mols. The reaction is preferably carried out for a period of from 10 minutes to 20 
35 .hours. 

Next, as shown in the following reaction formula (17). the amino compound of formula (38) can be reacted with a 
carboxyiic acid derivative of formula (39) to obtain a compound represented by formula (40). 



40 



Reaction formula (1 7): 
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monfin l te a condensing agent (e.g.. DCC. COI. EDCI or DECP) can be used. As a solvent for the above- 
mentioned reaction, a usual solvent is usable, but DMF or a mixed solvent containing DMF is preferred 

£^£"2 ll't^^jt ^ * a lem P erature <* from 0 to 40°C for a period of from 30 minutes to 40 hours. 
beto^TSZ.? TlTT 0 * form "' a 0) aCCOrcfing to the P resent mention will be enumerated in Table 1 given 
™ tata ; i an '°u ,S nerthef Shown for an ammonium group nor for a sulfonium group, but any counter 

cara^masTSS ° f *^ e ^ inv f^ ion 030 be used as anticancer agents having excellent activity. Examples of 
can^r ^rL^n^? ^^ 5 —J**"* invention °e applied include leukemia, osteosarcoma breast 
™^Lr^H?l™^ °^ CanCer ' ooton cancer « ,ung ^cer. and head and neck cancer. In addition, the com- 
pounds of the present invention can also be utilized as antimicrobial agents and antiviral agents. 

Pharmaceutical compositions can be prepared in accordance with well-known techniques 
of theT™S! ^ S€leCtGd in com P' iance ^ the f*»P<xe of a medical treatment and typical examples 
dosTaetnS S^fil^ preparations - ,k > uid Preparations and other preparations such as suppositories. Tnese 
aosage forms will be described in more detail. 

nr«^iw e fn°, f S ,e S °^ Preparations include tablets, pills, powders, granules and capsules; examples of the liquid 
S^su^?oni nJ 6 S ° ,Ut,0nS - SUSPenSi0nS " SyrUpS and visions; and examples of the other preparaSns 

' n P r S"9fr>e Pharmaceufcai compositions in the form of the tablets, there can be used a wide variety of carriers 
wtodThave^ep heretofwewe* known in this field. Examples of the carriers include excipients such as lacto^suSose! 
2™ ^^1J UC ^- cfc'^m carbonate, kaolin, crystalline cellulose and silicic acid; binders such as water 
hX^T 6 ^^ fl L UC ° Se S0,Uti0n - ^ ^'"tion. gelatin solution, shellac solution, methyl celMoTe 
S^sucfaX^S S^^;^'^ Pyrr0,id ° ne so,ution and carboxymethyl cellulose solemn; disirte 
vfenHoSn^S J 9 '™* 6, aQar P 0 ^^' sodium hydrogencarbonate. calcium carbonate, polyoxyeth- 

SnSStS Sll T' . 80d '" m suHate - ^c acid monoglyceride. starch and lactose; disintegration 
ammtn?«^? ^f^' ^f" 0 ^ 08080 butter and hydrogenated oil; absorption promoters such as quaternary 
kaXben^f.T ^' Um teury L su,fate; numectants such as glycerin and starch -adsorbents such as starch. lactoS 

ZZ" < ^ aC '? , S ta " lne Ce " UlOSe ^ ■** anurous silicic acid; and lubricants such as tale 
siearates. boric aad powder and polyethylene glycol 

, emenc coatod tablets, film-coated tablets, bilayer tablets or multilayer tablets 

which hTve^eer! ^rSZTZ^ COm ^ ons * the form of the pills, there can be used a wide variety of carriers 
wn.cn nave been heretofore well known ,n th.s field. Examples of the carriers include excipients such as glucose lactose. 
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starch, cacao butler, hardened vegetable oil. kaolin and talc; binders such as powdered acacia, powdered tragacanth 
and gelatin; and disintegrators such as carboxymethyiceilulose calcium and agar. 

The capsules can be prepared in accordance with a usual procedure, i.e., by mixing a compound as an active 
ingredient with any of the previously enumerated carriers, and then filling the resulting mixture into hard gelatin capsules, 
soft capsules or the like. 

In preparing the pharmaceutical compositions in the form of the injections, solutions, emulsions or suspensions 
diluents are used. Examples of the diluents which can often be used in this field include water, ethanol. macrogol, 
propylene glycol, ethoxylated isostearyl alcohol, polyoxylated isostearyl alcohol, polyoxyethylene sorbitan fatty acid 
esters, cotton seed oil. corn oil. peanut oil and olive oil. Moreover, the compounds of the present invention can also be 
used in the form of aqueous suspensions prepared by adding water thereto in the presence of a suitable surfactant, or 
in the form of emulsions prepared with the aid of a surfactant such as polyoxyethylene hardened castor oil (HCO-60). 
Furthermore, sodium chloride, glucose and/or glycerol may be contained in the pharmaceutical compositions, and a 
usual solubilizer, buffering agent and/or smoothing agent may be added thereto. 

In preparing the pharmaceutical compositions in the form of suppositories, there can be used a wide variety of 
earners which have been heretofore well known in this field. Examples of the carriers include polyethylene glycol, cacao 
butter, higher alcohols, esters of higher alcohols, gelatin and semisynthetic glycerides. 

If necessary, the pharmaceutical compositions can contain colorants, preservatives, perfumes, flavors, sweeteners 
and/or other drugs. 

No particular restriction is put on an administration manner of the pharmaceutical compositions of the present inven- 
tion, and they may be administered in accordance with the form of the pharmaceutical composition, the age. sex and 
other conditions of a patient and the severity of a disease. For example, the tablets, pills, solutions, suspensions, emul- 
sions, powders, granules, syrups and capsules can be orally administered. The injectiorts can be intravenously admin- 
istered alone or after being mixed with a usual infusion fluid such as glucose or an amino acid. Alternatively, they may 
also be administered intramuscularly, subcutaneously or intraperrtoneally as required. The suppositories can be admin- 
istered intrarectally. The dose of the pharmaceutical compositions of the present invention can be suitably determined 
in compliance with the administration manner, the age, sex and other conditions of a patient, and the severity of a disease. 
However, the dose should usually be determined so that the amount of the compound as the active ingredient may be 
in the range of from about 0.001 to 1 .000 mg per day for an adult. Moreover, it is desirable that each unit dosage form 
of the pharmaceutical composition to be administered contains the compound as the active ingredient in an amount in 
the range of about 0.001 to 1 .000 mg. 

Generally speaking, anticancer agents, for example, even agents such as adriamycin and cisplatin which have often 
been used, have no small side effect. At a present technical level, the side effect should be judged in consideration of 
relations with functional strength, and the problem of the side effect is unavoidable to some extent The side effect of 
the compounds according to the present invention is at such a level as to be acceptable as the anticancer agents. 
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Table 1 (1) 

Ri(CH 2 ) m CONH-^^^ 



CONH(CH2) n R 2 



Compound No. R 1 



m 



R 2 



II 



I (CICHgCH^N-^^ — 0 



NH 



2 (CICH^H^^H^^— 3 



NH 

-JLnh, 



3 (CICH 2 CH 2 ) 2 N-^^ — 0 

H 3 C 

4 (CICH 2 CH 2 ) 2 N-^^ — 0 

H 3 CO 

5 (aCH 2 CH2) 2 N-^^ — 0 

CI 

6 (C!CH 2 CH 2 ) 2 N-^^ — 0 

CH 3 

7 (CIC^CH^N-^^— 0 

8 (aCH 2 CH 2 ) 2 N-^^-0- 1 



NH 

-ILnh, 



NH 
-B-NH, 



NH 
-U-NH 2 



NH 
-U-NH, 



NH 
— NH 2 



NH 
-U-NH, 



(CICH 2 CH 2 )2N 



NH 
— U-NH 3 
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Table 1 (2\ 

RUCH 2)m CONH-^-Yj^f CONH ( CH ^ 



H 



Compound No. m R 2 

10 (CICHjCHjJjN-/"^— 0 -S*-CH 3 

11 (CICH 2 CH 2 )2N-/~\— 3 -S*-CH 3 

\=/ CH3 



12 (CICHjCHjjJjN-^^— 0 _ 6H~ CH3 

H 3 C 



13 (CICH 2 CH 2 ) 2 N-f\ — 0 — S*-CH 3 

>=/ CH 3 
H3CO 



14 (CICH 2 CH 2 ) 2 N-P^ — 0 • — S + -CH 3 

\=/ CH 3 

CI 



15 (C1CH 2 CH 2 ) 2 N-^y- 0 -S*-CH 3 

CH 3 

CH 3 



16 (CICH 2 CH 2 ) 2 N-f% — 0 — S*-CH 3 

\=< CH 3 
CI 



17 (CICH 2 CH 2 ) 2 N-^~~\-0- I _S*-CH 3 

\=/ Ch 3 
18 (CICHzCH^aN-^^ 0 "I^T 0 " 3 



n 



CH 3 
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Table 1 f 3 ^ 



R,(CH 2 ) m CONH--^-/jI^J- CONH ( CH 2)nR2 

H 



Compound No. 



m 



R 2 



19 (CICH 2 CH2) 2 N-^^— 0 



20 



21 



22 



23 



(CICH 2 CH 2 ) 2 N-^^ — 3 



(CICHzCI-yjjN 

H 3 C 



-Q- 




(CICH 2 CH 2 ) 2 N-/~~V 
H 3 CO 

(CICH^H^N-^V 
CI' 




24 (CICH 2 CH 2 ) 2 l 



CH 3 




25 (CICH 2 CH2) 2 N-/~^ 



26 



CI 



(CfCH 2 CH 2 ) 2 N^^-0- 



27 (C1CH 2 CH2) 2 N 



NH 

— NH-^NHa 



NH 

— NH-U-NH 2 



NH 

— nh-Lnh 2 



NH 

-nh-1Lnh 2 



NH 

— NH-^-NH, 



NH 

— NH-IL-NH 2 



NH 

— nh^LnHz 



NH 

— NH-H-NHj 



NH 

— NH-"— NH 3 
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Table 1 (4) 



R,(CH 2)m CONH-^-/X5" CONH(CH2),,R2 



H 



Compound No, R-j 



m 



R 2 



n 



28 (ClC^CH^N-^^— 0 



— N-CH 3 
CH 3 



29 (CICH 2 CH 2 ) 2 N 



-o- 



— N-CH 3 
CH 3 



30 (CICH 2 CH 2 ) 2 N- 




H 3 C 



0 



-N-CH 3 
CH 3 



31 (CICH 2 CH2) 2 N- 



H 3 CO 




-N-CH 3 
CH 3 



32 (CtCH 2 CH2) 2 N- 



// % 




CI 



0 



— N-CH 3 
CH 3 



33 (CICH 2 CH 2 ) 2 N- 



JTA 




CH, 



0 



— N-CH 3 
CH 3 



34 (CICH 2 CH 2 ) 2 N-y_V- . 0 



— N-CH 3 
CH 3 



35 (CICH 2 CH 2 )2N-^^-0- I 



— N-CH 3 
CH 3 



36 (CICHjCH^jN 



<s 



-N-CH 3 
CH 3 
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Table 1 (5) 



H 



Compound No. R t 



m 



R 2 



n 



37 (aCH 2 CH 2 ) 2 N-^^ — o 



— CI 



38 (CICH 2 CH 2 ) 2 N-^ — 0 



— 8r 



39 (CICH 2 CH 2 ) 2 N-^^ — 0 



-S-CH 3 



40 <CICH 2 CH 2 ) 2 N-^^ — 0 



CH 3 
CH 3 



41 (CICH 2 CH 2 ) 2 N-^^ — 0 

42 (ClCHgCH^N-^^ 0 



— 

H 



-9 



43 (CICH 2 CH 2 ) 2 N-^^— 0 



/ — v NH 

_^-n-1Lnh 2 



44 



H 



CH 3 
— N-CH 3 



45 



H 



NH 
— LNHj 



24 
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Table 1 (6) 

«i(CH2) m CONH 



^3^ /N X^° ONH(CH2)oR2 

H 



Compound No, R t 



m 



R 2 



n 



46 (CICH 2 CH 2 ) 2 N-^ — 0 



NH 

— "-NH 3 



47 (CICH 2 CH 2 ) 2 N-^^— 3 



NH 



48 



49 



50 



51 



52 




(ClCH 2 CH 2 ) 2 N-^^ 
H 3 C 

(CICH 2 CH2) 2 N-^^ — 0 
H 3 CO 

(aCH 2 CH 2 ) 2 N-^ — 0 
CI 

(CICH 2 CH 2 )2N-^^) — 0 
CH 3 

(CICH^HJ^--^^— 0 
C! 



NH 



-NH 2 



NH 
-U-NH, 



NH 

-JLnh 5 



NH 

-JLnh 5 



NH 
-U-NH, 



53 (ClC^CHjJaN-^^-O- I 



NH 
-U-NH 2 



54 (CtCH 2 CH2> 2 N 



<$ 



NH 
— U-NH, 
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TabLe 1 m 

R,(CH 2 ) m CONH 



H 



Compound No. R t m R2 

55 <CICH 2 CH 2 ) 2 N-^- 0 ~6h 3 ° H3 

56 (CiCH 2 CH 2 ) 2 NHQK- 3 "6h 3 CH3 



57 (CiCH 2 CH 2 ) 2 N-^— 0 ^6H*" 3 CH3 

HnC 



58 (ClCH 2 CH 2 ) 2 N-/~^>— 0 ""cH^ CH3 




H 3 CO 



60 (CICH 2 CH 2 ) 2 N _ 

CH 3 




63 (CtCH 2 CH 2 ) 2 N- 



59 (CICH 2 CH 2 ) 2 N^3- 0 "|hT CH3 



CI 

^~\_ n -S*-CH 3 

CH 3 



61 (CICH 2 CH 2 ) 2 N-^^— 0 ""Ih^ 3 

CI 

62 (CICH 2 CH 2 ) 2 N— O— I 

<^c5 ° 



— S*-CH 3 
CH 3 



S«^CH 3 
CH 3 



26 
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Table 1 (8) 
*i(CH2) m CONH 



ty^ N X^ CONH(CH2)nRa 



H 



Compound No. R 1 



m 



R 2 



n 



64 (C!CH 2 CH 2 ) 2 N-^^ — 0 



NH 



65 <CICH 2 CH 2 ) 2 ! 



NH 

— NH-"— NH 2 



66 (C1CH 2 CH 2 ) 2 N 

H 3 C 




NH 
-NH-tt— NH 2 



67 (CICH 2 CH2) 2 N-^A. 

H 3 CO" 




NH 

-nh-JLnh 2 



68 



69 



(CIC^CH^N-^^ 

cr 




0 



<CICH 2 CH 2 ) 2 N-^^— 0 
CH 3 



NH 
-NH-H-NHo 



NH 

-nh-U-nh 2 



70 



(ClCH 2 CH2) 2 N-^ — 0 



NH 

- — NH— 1L-NH 2 



71 (ClCH 2 CH 2 ) 2 N-^^-0- I 



NH 

— NH-J1— NH 2 



72 {C!CH 2 CH 2 )2N 



NH 

— NH-U-NH* 
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Table 1 (9) 

R,(CH2) m CONH 



^3^ /N X^ CONH(CHa)nR2 



H 



Compound No. R t m R 2 n 



73 (aCH 2 CH 2 ) 2 N-/~^ — 0 — N-CH 3 

\=/ CH3 

74 <CICH 2 CH 2 ) 2 N-^~~ ^ — 3 N-CH 3 

CH 3 



75 (CICH 2 CH 2 ) 2 N-f^ 0 — N-CH 3 

>=/ CH 3 
H 3 C 



76 (CICH 2 CH2) 2 N--/^ 0 — N-CH 3 

H3CO 



77 (CICH 2 CH 2 )2N-^^ 0 N-CH 3 

\=/ CH 3 

CI 



78 (CICH 2 CH 2 ) 2 N-^\ 0 "*6h CH3 

CH 3 



79 (CICH^H^^-h/^ 0 N-CH 3 

CH 3 

CI 

« 

80 (CICH 2 CH 2 ) 2 N— ^~~\-0— 1 N-CH 3 

\=/ CH3 

8 1 (CIC^CH^^^ 0 -N-CH 3 

CH 3 



28 
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Table 1 (KM 

R,(CHj) m CONH. 



^~y_^ N J^pCONH(CH2) w F 



H 



Compound No. R 1 m R 2 

82 (C4CH 2 CH 2 ) 2 N-^^— 0 _ CI 

83 (CICH 2 CH2) 2 N-^^— o _ Br 

84 (CIC^CH^N-^^— 0 -S-CH 3 

85 (CICH 2 CH 2 ) 2 N-^- 0 jgjg^ 



88 



CH 3 

,ISU 

N- 
H 



86 (CICH 2 CH 2 ) 2 N-^^— 0 — <^ 

H 

87 (CICH^H^N-^^ — 0 -^O^ 



— . NH 

(CICH2CH 2 ) 2 N-^J^ — 0 •"\_/h JL " NH; 



CH 3 

89 HQ — N-CH 3 



NH 

90 HQ -JL-NH 2 



n 
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Table 1 fill 

nt(CH 2 ) m CONH-^_/jJ^p 



CONH(CH2) n R 2 



H 



Compound No. r 1 



m 



R 2 



n 



91 



(CICH 2 CH 2 ) 2 N-^^— 0 _^^_ N(C H 2 CH 2 CI) 2 0 



92 (CICH 2 CH 2 ) 2 N-^^ — 0 



93 (CICH 2 CH 2 ) 2 N 



N(CH 2 CH 2 CI) 2 0 



0 ~~ (3~- N (CH 2 CH 2 CI) 2 0 



94 (CJCH 2 CH2) 2 I 



0 



N(CH 2 CH 2 CI) 2 0 



95 



96 



97 



CICH 



H 2 CH 2 N-<f~y- 0 
H 3 CH 2 C X=/ 



CICHjCHaN-/ 7 "^ — 
H 3 CH 2 C 



CICH 2 CH 2 N-^^ 

H3CH2C 



0 



0 



— ^~~^-NCH 2 CH 2 Cl 0 

CH2CH3 



NCH 2 CH 2 CI 0 
CH2CH3 



— NCH 2 CH 2 C1 0 

CH2CH3 



98 



CICH 



H 2 CH 2 N-^^ 
H 3 CH 2 C V=/ 



^^-NCH 2 CH 2 Cl 0 



CH2CH3 



30 
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Table 1 (12) 

R i(CH2) m CONH 




/A 



CO" 



CONH(CH2) 0 R 2 



H 



Compound No. R 1 



m 



R; 



n 



99 



(CICH 2 CH 2 ) 2 NH^y- 0 -£j^N(CH 2 CH 2 C!) 2 0 



100 (CICH 2 CH 2 ) 2 N-^^ 0 



102 (CICHaCHaJaN-^^ 



0 



N(CH 2 CH 2 CI) 2 0 



101 (CICH 2 CH 2 ) 2 N-^^ 0 — ^^-N(CH 2 CH 2 CI) 2 0 



N(CH 2 CH 2 CI) 2 0 



103 



104 



105 



106 



CICH 2 CH 2 N-/~\ 0 

H 3 CH 2 C X=/ 

CICHaC^N-^""^ — o 
H 3 CH 2 C W/ 



CIGHaCHjN 

H3CH2C 



k5 



— ^~^-NCH 2 CH 2 CI 0 
CH2CH3 



/~V-NCH 2 CH 2 CI 
X=/ CH 2 CH 3 



NCH 2 CH 2 CI 
CH 2 CH3 



CICHjjCHzN-/ - \ 0 fV-l 

H 3 CH 2 C N = / \=/ . 



NCH 2 CH 2 CI 
CH 2 CH3 



0 
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Table 1 (131 



H 



Compound No. r 



m 



R 2 



n 



1001 



1002 



1003 



1004 



1005 



1006 



1007 



1008 



1009 



1010 



NH 
H 2 N-JL-NH- 



NH 



NH 
H 2 N-U-NH- 



NH 

h 2 n-JLnh- 



NH 
H 2 N-IL-NH- 



NH 
H 2 N-U-NH- 



NH 

h 2 n-JLnh- 



NH 

h 2 nJLnh- 



NH 
H 2 N-iL-NH- 



NH 



«-^-N(CH 2 CH 2 Cl) 2 0 
— ^^~N(CH 2 CH 2 CI) 2 2 
-h^-N(CH 2 GH 2 CI) 2 3 



— ^Vn(CH 2 CH 2 CI) 2 o 
CH 3 

— ^3~"N(CH 2 CH 2 CI) 2 0 
OCH 3 

-hQ-n(ch 2 ch 2 co 2 0 

CI 

-H^3-N(CH 2 CH 2 a) 2 0 
H 3 C 



-N(CH 2 CH 2 CI) 2 0 



a 



-o 



-^^-N(CH 2 CH 2 Q) 2 I 



(CH 2 CH 2 CI) 2 0 
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10 



IS 



20 



30 



35 



SO 



Table 1 (141 



H 



Compound No. pj^ 



1011 



1012 



1013 



1014 



1015 



1016 



1017 



1018 



1019 



1020 



NH „ >r -x 

H 2 N-JLNH— 3 — ^~N(CH 2 CH 2 Cl) 2 0 



NH 

h 2 n-Lnh- 



NH 

H 2 NJL-NH- 



NH 

H 2 N-U-NH — 



NH 

H 2 N-J-NH— 



NH 

H 2 N-B-NH — 



NH 

H 2 N-U-NH- 



NH 

HjN-H-NH— 



m 



n 



H 2 N-!Lnh— 3 -Q-N(CH 2 CH 2 C!) 2 2 

NH r-^ 

H 2 N-4LNH— 3 — ^ == J-N(CVI 2 CH 2 CI) 2 3 



— ^Vn(CH 2 CH 2 CI) 2 
CH 3 

~^^N(CH 2 CH 2 CI) 2 
OCH 3 

— QkN(CH 2 CH 2 CI) 2 
CI 

— ^^-N(CH 2 CH 2 CI) 2 



H 3 C 



V3-N(CH 2 CH 2 CI) 2 0 



CI 



3 -0-^^-N(CK 2 CH 2 a) 2 1. 



!(CH 2 CH 2 CI) 2 0 
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Table 1 (151 



R,(CH 2 ) m CONH-^^^ N j^p < 

H 



CONH(CH 2 ) n R 2 



Compound No. R 1 



m 



R 2 



1021 



NH 



— ^^-N(CH 2 CH 2 CI) 2 0 



1022 



NH 
H,N-U— 



— ^-N(CH 2 CH 2 CI) 2 2 



1023 



NH 
H 2 N-B- 



— ^-N(CH 2 CH 2 CI) 2 3 



1024 



1025 



1026 



1027 



1028 



1029 



NH 
H 2 N-U— 



NH 
H 2 N-L 



NH 
H 2 N-L 



NH 
H,N-H— 



NH 
H^-U- 



— ^3-N(CH 2 CH 2 CI) 2 
CH 3 



— /^V-N(CH 2 CH 2 CI) 
OCH 3 



2 0 



N(CH 2 CH 2 CI) 2 0 



l(CH 2 CH 2 CI) 2 0 



NH 



HjN 



3 -Q-, 

CI 

3 -<P-N< 
H 3 C 

3 — ^^-N(CH 2 CH 2 CI) 2 0 

a 

3 -O-^^-N(CH 2 CH 2 C0 2 1 



1030 



NH 
H,N-J> — 



(CH 2 CH 2 CI) 2 0 
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70 



IS 



Table 1 (16) 

Ri(CH 2 ) m CONH-^^^j^^CONH(CH 2 ) ft R 2 



Compound No. 



1031 



H 3 C-N- 3 --(3-N(CH 2 CH 2 CI) 2 0 



H 



m 



R 2 



n 



20 



25 



30 



35 



40 



SO 



1032 



1033 



1034 



1035 



1036 



1037 



1038 



1039 



H 3 C-N- 3 — ^-N(CH 2 CH 2 CI) 2 2 



H 3 C-S- .-■ 3 -H^-N(CH 2 CH 2 CI) J! 3 



CH 3 
H 3 C-N- 



CH 3 
H 3 C-N— 



CH 3 
H 3 C-N— 



H3C-S- 3 -^-N(CH 2 CH 2 CQ 2 o 



CH 3 
H 3 C-N- 



CH 



1040 H 3 ci_ 3 



— <^-N(CH 2 CH 2 CI) 2 
CH 3 

N(CH 2 CH 2 CI) 2 
OCH 3 



N(CH 2 CH 2 CI) 2 0 



CI 



H,C 



— ^>-N(CH 2 CH 2 CI) 2 0 



H 3 C-N- 3 -O-^^-NCCHaC^CIfe 1 



N(CH 2 CH 2 d) 2 o 



55 



10 



15 



20 



25 



35 



50 



EP 0 719 765 A2 



Table 1 (17) 

Rt(CH 2 ) m CONH-^K-e N j(^r CONH(CH2)nR 2 



Compound No. Rj 



1041 .. £ H3 



1043 . . „ a" 3 



1044 



1045 



1046 .. ? H3 



1047 



1048 , . „ a" 3 



1049 . . „ 5 H; » 



H 



m 



n 



H 3 C-S*- 2 — (3-N(CH 2 CH 2 CI) 2 0 

1042 2 -Q-N(CH 2 CH 2 CI) 2 2 



H 3 C-S*- 2 -^3~N(CH 2 CH 2 CI) 2 3 

H 3 C-i"- 2 -^V N (CH 2 CH 2 CI) 2 0 

CH 3 

H 3 C-I"- 2 -£^-N(CH 2 CH 2 CI) 2 o 



OCH, 



H 3 C-S*- 2 -^3- N (CH 2 CH 2 CI) 2 0 

CI 

H 3 C-I"- 2 -^-N(CH 2 CH 2 CI) 2 0 



H,C 



H 3 C-S*- 2 — ^3-N(CH2CH 2 CI) 2 0 



H 3 C-S*- 2 -0-^^-N(CH 2 CH 2 CI) 2 I 

i °5o H3 cir. 3 2 ^N'W 0 



36 
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Table 1 (18) 

R l( CH 2 , m CONH-HQ^X5" CONH(CH2>,,R2 



3 



1059 °v , N . 



H 



Compound No. R 1 m R 2 n 

1051 <j C U ~ 2 ~ C3" N(CH2CH * C,) 2 0 

1052 °\Z/ N_ 2 — ^3-N(CH 2 CH 2 CI) 2 3 

1053 C CZ/ N ~ 2 — ^^~N(Crt 2 CH 2 CI) 2 0 

CH 3 

1054 C G N ~ 2 — (3-N(CH 2 CH 2 CI) 2 o 

CI 

1055 cQn- 2 N(CH 2 CH 2 a) 2 u 

1056 cT^N*- 2 — (3-N(CH 2 CH 2 CI) 2 0 



1057 °r^ N *- 2 — f~VN(CH 2 CH 2 CI) 2 3 

N — f CH 3 N = / 



1058 O H+- 2 \=< 0 

CH 3 CH 3 



_ — ^^-N(CH 2 CH 2 CI) 2 



-Q- 



NtCHaCHzCOz 



CH 3 \y 

1060 cT^N*- 2 ^VNCCHaCHzCQa 0 

v — ' *CH 3 
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Table 1 (19) 



H 



Compound No. 



1061 


■ 'l 

o 


m 


«2 

— ^^-N(CH 2 CH 2 0) 2 


n 
0 


1062 








3 


1063 


O- 


1 


— ^^-N(CH 2 CH 2 CI) 2 
CH 3 


0 


1064 


O- 




-/VN(CH,CHoCH, 

\ / * ^\ v «2 X - /| 2 /2 

CI 


0 


1065 






v N( CHiCHiClt. 

\ ✓ • *^yyf "2 /2 


0 


1066 


O- 


1 


-H^^N(CH 2 CH 2 CI) 2 


0 


1067 


Q- 

H 3 C' 




— ^~Y-N(CHoCHoC0, 


•I 

■J 


1068 


a- 

H 3 C' 




— ^^-N(CH 2 CH 2 CI) 2 
CH 3 


0 


* 

1069 


H 3 C 




— ^3-N(CH 2 CH 2 CI) 2 

a 


0 


1070 






^^-N(CH 2 CH 2 CI) 2 


0 



H 3 C' 
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Table 1 (20) 

R l( CH 2 ) m CONH-^-< N jQ- CONH ( C ^ 

H 



Compound 


NO. R t 


m 


R 2 


n 


1071 




1 


— ^^-N(CH 2 CH 2 CI) 2 


0 


1072 


o- 


1 


— ^y-N(CH 2 CH 2 CI) 2 


3 


1073 




1 


— ^^-N(CH 2 CH 2 CI) 2 
CH 3 


0 


1074 




1 


— /~\-N(CH 2 CH 2 Ct) 2 
CI 


0 


1075 


o- 


1 


N(CH 2 CH 2 CI) 2 


0 


1076 




1 


— ^^-N(CH 2 CH 2 CI) 2 


0 


1077 






— ^y-N(CH 2 CH 2 CI) 2 


3 


1078 






— ^3-N(CH 2 CH 2 CI) 2 
CH 3 


0 


• 

1079 






— ^\-N(CH2CH 2 CI) 2 
CI 


0 


1080 






^^-N(CH 2 CH2C0 2 


0 
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Table 1 (21) 



R,(CH 2 ) ro CONH-^^ N jQ- CONH ( CH ^ R » 

H 

Compound No. R, m R 2 n 

1081 H 3 C-I"- 1 — Q-N(CH 2 CH 2 CI) 2 0 

1082 H 3 C-t"? 1 — QkN(CH 2 CH2CI) 2 3 

1083 H 3 C-S*- 1 — ^>-N(CH 2 CH 2 CI) 2 0 



CH r 

1086 H 3 C-S*- 3 -H^-N(CH 2 CH 2 CI) 2 0 

1087 H 3 C-i"- 3 — (3-N(CH 2 CH 2 CI) 2 3 



3 



1084 H 3 C-S*- 1 -^V N < CH 2CH 2 CI) 2 Q 

C« 

CH 3 \ 

1085 H 3 C-S*- 1 Q>-N(CH 2 CH 2 CI) 2 0 



CH 3 — ^~\-N(CH 2 CH 2 CI) 2 

1088 H 3 C-S*- 3 \=c( 0 

CH 3 

« 

9 H 3 -/~V-N(CH 2 CH 2 CI) 2 n 

1089 H 3 C-S*- 3 ^=< 0 

CI 

1090 H 3 C-i"- 3 ^^-N(CH 2 CH 2 CI) 2 0 



40 
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Table 1 { ??) 



10 



IS 



RitCH^CONH-^^-^jj^p-CONHtCHj),,^ 

H 




H 3 C-S- 2 — (3-N(CH 2 CH 2 Cl) a 0 



20 



1092 



1093 



H 3 C-S- 



H 3 C-S- 



—Q-N(CH 2 CH 2 CI) 2 0 



(CH 2 CH 2 CI) 2 0 



CI 



30 



35 



40 



1094 



1095 



1096 



1097 



1093 



CI— 



O 

> ^OLi 



CH 3 
H 3 C-N*- 
CH 3 



r ^ 

N 
H 



2 ~-(3^N(CH 2 CH 2 CI) 2 0 

2 — ^3-N(CH 2 CH 2 CI) 2 0 



N(CH 2 CH 2 CQ 2 0 



3 — ^^-N(CH 2 CH 2 C!) 2 0 
3 . ~^^N(CH 2 CH 2 CI) 2 0 



50 



1099 



0 — ^3-N<CH 2 CH 2 CI) 2 0 



NH 

1100 H^JL^y_ 0 -Q-ncoviww 0 
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Table 1 (231 



Ri(CH2) m CONH-^^^ N jQf 

H 



CONH(CH 2 ) n R 2 



Compound No . 



m 



R 2 



n 



NH 

1 10 1 h 2 n-Lnh« 



— ^^-N(CH 2 CH 2 CI) 2 0 



NH 



1 102 H 2 N-U-NH— 



— ^^-N(CH 2 CH 2 CI) 2 0 



NH 

1 103 h 2 n-1Lnh- 



~^^-N(CH 2 CH 2 CI) 2 0 



NH 

1104 H 2 N-U— 



— ^^-N(CH 2 CH 2 CI) 2 0 



1105 



NH 
H-N-U — 



^^-N(CH 2 CH 2 CI) 2 0 



NH 

1106 H^-L 



-h^^N(CH 2 CH 2 CI) 2 0 



NH 

1107 H.N-U— 



— ^^KN(CH 2 CH 2 C1) 2 0 



1108 



I — ^^-N(CH 2 CH 2 C0 2 0 



1109 



-N 

-N 
H 



— ^^-N(CH 2 CH 2 CI) 2 0 



1110 



^N 



— ^^—N(CH 2 CH 2 CI) 2 0 



42 
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Table 1 (24) 



Ri(CH 2 ) m CONH 



^3^ N 30^ CONH(CH2)nR2 

H 

Compound No. m r 2 



2001 



2002 



2003 



2004 



2005 



2006 



2007 



2008 



2009 



2010 



NH 



NH 

H 2 N— U— NH- 



NH 



NH 



NH 
H 2 N— ll—NH- 



NH 
H^-U-NH- 



NH 
H 2 N-U-NH- 



NH 
H 2 N-U-NH- 



NH 

HjjN-Jl-NH- 



NH 
H 2 N-U-NH- 



Cl 

^-N(CH 2 CH 2 CI) 



H 3 C 



n 



— ^^-N(CH 2 CH 2 CI) 2 0 

— 0~N(CH 2 CH 2 CI) 2 2 
— Q^N(CH 2 CH 2 CI) 2 3 



^QhN(CH 2 CH 2 CI) 2 0 
CH 3 

^~V-N(CH 2 CH 2 CI) 2 0 
OCH3 

(CH 2 CH 2 C!) 2 0 



2 0 



(CH 2 CH 2 CI) 2 0 



a 



-0-^^-N(CH 2 CH 2 Cl) 2 1 



(CH 2 CH 2 CI) 2 0 
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Table 1 (25) 



10 



15 



20 



25 



40 



50 



R i(CH 2 ) m CONH 



^^ N jQpCONH(CH 2 ) n R 2 
H 



Compound No. p 
2011 



2012 



2013 



2014 



2015 



2016 



2017 



2018 



2019 



2020 



NH 

H 2 N-U-NH — 



NH 

H 2 N-U-NH- 



NH 

H 2 N-H-NH — 



NH 

H 2 N-U-NH — 



NH 

H 2 N-^-NH 



NH 

h 2 n-JLnh — 



NH 

h 2 nJLnh — 



NH 

h 2 nJLnh — 



NH 

h 2 n-Lnh- 



NH 
HjjN-H-NH- 



m 



n 



l(CH 2 CH 2 CI) 2 0 
— Q-N(CH 2 CH 2 CI) 2 2 
— (3*-N(CH 2 CH 2 CI) 2 3 



— QkN(CH 2 CH 2 CI) 2 
CH 3 

-h^Vn(CH 2 CH 2 CI) 2 
OCH 3 

--Q^N(CH 2 CH 2 CI) 2 
CI " 

--^KN(CH 2 CH 2 CI) 2 
H 3 C 

— ^^-N(CH 2 CH 2 CI) 2 

a 

Q--^^-N(CH 2 CH 2 CI) 2 



N(CH 2 CH 2 CI) 2 0 



44 
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Table 1 (261 

Rt<CH 2 ) m CONH 



^^/ N J^pCONH(CH 2 ) ft R 2 



H 



Compound No- r 



1 



m 



R 2 



n 



2021 



NH 

h 2 nJL 



— ^^N(CH 2 CH 2 CI) 2 0 



2022 



NH 



--^^N(CH 2 CH 2 C0 2 2 



2023 



NH 



H 2 N 



— ^~N(CH 2 CH 2 CI) 2 3 



2024 



2025 



2026 



2027 



2028 



NH 
H 2 N-JL- 



NH 
H 2 N-iL_ 



NH 



NH 
H 2 N-H— 



NH 
H 2 N-H— 



— ^^N(CH 2 CH 2 Ct) 2 
CH 3 

— ^^-N(CH 2 CH 2 CI) 2 
OCH 3 

— ^3~N(CH 2 CH 2 CI) 2 



— ^^-N{CH 2 CH 2 CI) 2 
H 3 C 

— ^^N(CH 2 CH2CI) 2 



2029 



NH 
HjN-Jl — 



3 -O^^J-N(CH 2 CH 2 a) 2 1 



2030 



NH 
H 2 N-L 



N(CH 2 CH 2 CI) 2 0 
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Table 1 (21) 



Ri(CH 2 ) m CONH 



^y^ N J^J-CONH(CH 2 ) ft R 2 



Compound No. 



m 



R 2 



n 



2031 



CH 3 
H 3 C-N— 



3 —^^-N(CH 2 CH 2 CI) 2 0 



2032 



CH 3 
H 3 C-N— 



3 — ^3~N(CH 2 CH 2 CI) 2 2 



2033 



CH 3 
H 3 C-N- 



3 —^y-U(CH&HiCl)2 3 



2034 



2035 



2036 



CH 3 
H 3 C-N- 



CH 3 
H 3 C-N- 



CH 3 
H 3 C-N— 



-Q- 



N(CH 2 CH 2 CI) 2 
CH, 



3 — Q-N(CH 2 CH 2 CI) 2 0 
OCH 3 

3 . — ^HN(CH 2 CH 2 CI) 2 0 



2037 



2038 



2039 



CH 3 
H 3 C-N— 



. CH 3 
H 3 C-N- 



CH 3 
H 3 C-N- 



N(CH 2 CH 2 CI) 2 o 



3 . -{>< 

H 3 C 

3 — ^^-N(CH 2 CH 2 CI) 2 0 

a 

3 -0-^^-N(CH 2 CH 2 CI) 2 1 



2040 



CH 3 
H 3 C-N— 



(CH 2 CH 2 CI) 2 0 
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Table 1 (28^ 
Ri(CH2) m CONH. 



ty~^X5~ CONH(C,w 

H 



Compound No. R., m R 2 n 



2041 



2043 



2044 



2046 



2047 



2048 



2050 



CH 3 
H 3 C-S*- 



2 — ^^-N(CH2CH 2 CI) 2 0 
2042 H 3 C-I"- 2 -^-N(CH 2 CH 2 CI) a 2 

H 3 C-S"- 2 -Q-N(CH 2 CH 2 CI) 2 3 



9 H 3 9 — ^V-N(CH 2 CH 2 CI) 2 0 

H 3 C-S*- W 

CH 3 



2045 HC-I- 2 -0-N(CH 2 CH 2 C.) 2 0 

3 OCH 3 



H 3 C-i- 2 -O-N(CH 2 CH 2 C0 2 0 

CI 

9 H 3 -i — /~\-N(CH 2 CH 2 CI) 2 0 

H 3 C-S*- >=/ 

H 3 C 

9^3 2 — N(CH 2 CH 2 CI) 2 0 

a 



2049 H 3 C-I"- 2 -0-^-N(CH 2 CH 2 a) 2 I 

CH 3 2 ^^-N(CH 2 CH 2 CI) 2 0 



H 3 C-S»- 
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Table 1 (29 1 

Rt(CH 2 ) m CONH 



tV^ N X^ CONH{CH2)nR2 



10 



is 



20 



30 



40 



SO 



Compound No. r 2 



2051 ° W N - 2 ~-^^N(CH 2 CH 2 CQ 2 0 



2052 °x 



2 — {3-N(CH 2 CH 2 CI) 2 3 

2 — ^^-N(CH 2 CH 2 CI) 2 0 
CH 3 

2 — (3-N(CH 2 CH 2 CI) 2 0 
CI 

2 ^3 H " N(CH 2 CH 2 C, )2 0 

2056 cf~V- 2 — /~Vn(CH 2 CH 2 CI) 2 0 

> — f CH 3 

2057 O^V 2 -hQ- N (CH 2 CH 2 C0 2 3 



2053 O N- 



2054 O N — 



2055 O n- 



2058 <T^N- 2 -0- N < CH 2CH 2 C«) 2 

I. 

2059 cTV- 2 -0- N(CH 2 CH ^ o 

2060 °r3 < '*" 2 ^3 H " N(CH 2 CH 2 a) 2 0 

CH3 
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Table 1 (30) 

Ri(CH 2 ) m CONH 



^3^ N X^ CONH<CH2>nR2 



Compound 


No. R, 


m 


R 2 


n 










a 

U 








— r v—N(CH 2 CH 2 CI)2 


3 


2063 






— ^V-N{CH2CH 2 CI) 2 
\ — / 

CH 3 


0 


2064 


/=\ 




// \y K|/pu f^H pn 

a 


0 


2065 






^^N(CH 2 CH 2 C1) 2 


A 
\J 


2066 


Q- 

H 3 C' 




— ^^N(CH 2 CH 2 CI) 2 


0 


2067 


/=\ 
H 3 C 




~-^J^N(CH 2 CH 2 Ct) 2 


3 


2068 

« 


o- 

H 3 C' 




— ^^N(CH 2 CH 2 CI)2 
CH 3 


0 


2069 


Q- 

H 3 C' 




— ^3"N(CH 2 CH 2 CI) 2 

a 


0 


2070 


o- 




^y-N(CH 2 CH 2 CI) 2 


0 



H 3 C 
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Table 1 (3U 

R^CH^CONH 



CONH(CH2) n R2 



Compound 


No. R t 


m 


R 2 


n 


2071 




1 


— ^^-N(CH 2 CH 2 CI) 2 


0 


2072 


O- 


1 


— ^^-N(CH 2 CH 2 CI) 2 


3 


2073 


o- 


1 


V 

— ^Vn(CH 2 CH 2 C0 2 
CH 3 


0 


2074 




1 


— /~Y-N(CH 2 CH 2 Cl) 2 

a 


0 


2075 


O- 


1 


^^-N(CH 2 CH 2 C1) 2 


0 


2076 






— \— N/CHoCH oCH * 


0 


2077 






_^y-N(CH 2 CH 2 CI) 2 


3 


2078 






— ^\-N(CH 2 CH 2 CI) 2 
CH 3 


0 


* 

2079 






— /~\-N(CH 2 CH 2 CI) 2 

a 


0 


2080 






^^-N(CH 2 CH 2 CI) 2 


0 
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Table 1 (321 

R,(CH 2 ) m CONH 



^~^_^ N -jJ^pCONH(CH 2 )„R 2 
H 

Compound No. R 1 m R2 n 

2081 H 3 C-I"- 1 ~ Q-WHOfc 0 

2082 H3C-I"- I — Q-N(CH 2 CH 2 CI) 2 3 

CH 

2083 H 3 C-S*- 1 — -^^-N(CH 2 CH 2 CI) 2 0 

CH 3 

CH / , 

2084 H 3 C-S-- 1 — 0- N < CH 2 CH 2 c ')2 0 

a 

CH 3 N. 

2085 H 3 C-S- 1 ^3-N(CH 2 CH 2 CI) 2 0 

2086 H 3 e-I"- 3 -<(3-N(CH 2 CH 2 C0 2 0 

2087 H 3 C-I" 3 3 — (3-N(CH 2 CH 2 CI) 2 3 

CH3 — /~Vn(CH 2 CH 2 CI) 2 

2088 H 3 C-S*- 3 ^=< 0 



9H 3 



'3 



CH 3 _^ VN(CH 2 CH 2 CI) 2 

2089 H 3 c-S*- 3 0 



a 



2090 H 3 C-S*- 3 \ >-N(CH 2 CH 2 CI) 2 Q 
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Table 1 (331 

Ri(CH z )„,CONH 



t) H ~^ N X^~ CONH(CH2>nF 



H 



Compound No. Rj m 



2095 



2096 



CH 3 

-N 



2098 



2099 



n 



2091 H 3 C-S- 2 — ^3-N(CH 2 CH 2 C0 2 0 

2092 H 3 C-S- 2 — (3~N(CH 2 CH 2 CI) 2 0 

CH 3 

2093 H 3 C-S- 2 -^^-N(CH 2 CH 2 CI) 2 0 

CI 

2094 CI— 2 — ^^-N(CH 2 CH 2 CI) 2 0 

2 — ^3-N(CH 2 CH 2 CI) 2 0 

Cfcj^ 2 -Q>-N(CH 2 CH 2 CI)2 0 



9 H 3 „ 

2097 H 3 C-N*- 3 —fi \-N(CH 2 CH 2 CI) 2 0 



H 

^0^~- 0 — ^^-N(CH 2 CH 2 0) 2 0 



NH 

2100 HjN-U-N-^^— 0 — ^J-N(CH 2 CH 2 C0 2 0 
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Table 1 (34) 



R,(CH 2 ) m CONH 




NH(CH 2 )„R 2 



H 



Compound No. R 1 



m 



R 2 



n 



NH 

2101 h 2 n-«Lnh- 



2 — ^^-N(CH2CH 2 CI) 2 0 



NH 



2102 H 2 N-U-NH— 



4 — ^^-N(CH 2 CH 2 CI) 2 0 



NH 



2103 H 2 N-U-NH— 



5 — ^2^-N(CH 2 CH 2 CI) 2 0 



NH 

2104 HjjN-U— 



1 — ^^-N(CH 2 CH 2 CI) 2 0 



NH 

2105 H? nJL 



2 — ^^-N<CH 2 CH 2 CI) 2 0 
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Table 1 (351 

Rt(CH2) m cONH 



10 



is 



30 



^3~ </N XD~ CONH(CH2>nR2 



n 



H 

Compound No. R 1 m p 2 

NH 

2106 H 2 N-iL_ 4 -^3-N(CH 2 CH 2 C1) 2 0 

NH 

2107: H 2 N-JI- 5 ~^^-N(CH 2 CH 2 C0 2 0 



30 



2108 



2109 



N 

C V- 1 — (3-N(CH a CH 2 CI) 2 0 



L N ^~ 2 --Q-N(CH 2 CH 2 CI) 2 0 

H 



55 

2110 



C N V- 3 --^-N(CH 2 CH 2 CI) 2 Q 

H 



40 



The numbers of compounds in the undermentioned examples correspond to those of the compounds enumerated 
in Table 1. :2e ?v 

45 Example 1 (Compound 47) 

1H-2-p-n4-[4-[N,N^is(2^hloro 
boxyamide hydrochloride 

so ffcacfon 1 

1 H-2-(3-nitrophenyl)benzimidazole-5-cartx)xyIic acid 

In 100 ml of nitrobenzene were dissolved 2.0 g (13.1 mmols, 1.0 eq.) of 3,4-diaminobenzoic acid and 2.0 g (13.2 
*s mmols) of nvnrtrobenzaldehyde, and the mixture was then heated and stirred for 21.5 hours in an oil bath at 155°C. The 
resulting solid was collected by filtration, and then washed with IPA to obtain 1 .88 g (6.64 mmols. 50.3%) of the desired 
compound in the state of yellowish green white crystals, 
mp: >270°C 

NMR (DMSO-dg) 6: 9.03 (s. 1H). 8.64 (d. 1H). 8.36 (d. 1H). 8.31-8.17 (m. 1H). 7.89 (t. 2H). 7.80-7.68 (m. 1H) 
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Reaction 2 



1H-2-(3-nifropheny1)benzimti^ 

1-0 g (3.53 mmols) of 1H-2-(3-nitrophenyl)benzimida2o!e-5-cartx)xylic acid was suspended in 20 ml of DMF, and 
0.69 g (4.26 mmols, 1 .2 eq.) of GDI was then added, followed by stirring at room temperature in a nitrogen atmosphere 
After 3.5 hours, the solution was cooled on ice. Then. 0.27 ml (3.65 mmols. 1 .0 eq.) of p-aminopropionitrile was added 
to the solution, and the temperature of the solution was then returned to room tenperature. After stirring for 3 hours 
the solution was then allowed to stand overnight. Next, the solution was concentrated under reduced pressure and the 
resulting residue was crystallized from methanol, thereby obtaining 1 .08 g (3.1 9 mmols. 90.4%) of the desired compound 
tn the state of ocher crystals, 
mp: >270°C 

7 67 (n? ^SMft^lfl 2 82 (?2H?* ^ ^ ^ W ^ ** 7 ^ 8 * 25 " 8 * 14 (m ' 1H) * 789 <*- 1H >- 783 " 

Reactions 

1 H-2^3^iitrophenyl)benzimidazole-5^ hydrochloride 

1 .08 g (3.22 mmols) of 1 H-2-(3-nrtrophenyf)be^ was suspended in 40 

m! of ethanol. and a hydrochloric acid gas was then blown into the suspension under ice cooling. After the suspension 
was saturated with a hydrochloric acid gas over 30 minutes, the temperature of the suspension was returned to room 
temperature, followed by stirring for 3 hours. Next the suspension was concentrated under reduced pressure The result- 
ing residue was decanted twice with ether and then suspended in 40 ml of ethanol. and an ammonia gas was blown 
thereinto under ice cooling. After saturated with the ammonia gas over 50 minutes, the suspension was stirred at room 
temperature for 3 hours, and then allowed to stand overnight. Next, the suspension was concentrated under reduced 
pressure, and the resulting residue was then sludged with methanol/acetone. The resulting solid was purified through 
silica gel column chromatography (ethyl acetate/IPAyWater = 5/2/1). and then sludged with methylene chloride and suc- 
cessively IPA to obtain 0.67 g (1 .72 mmols. 53.5%) of the desired compound in the state of creamy crystals 
mp:>270°C 

NMR (DMSOde) 6: 9.10-9.06 (m. 3H). 8.88 (t 0.5H). 8.79 (t. 0.5H), 8.71 (bs. 3H). 8.35 (d. 1H). 8.31 (s. 0.5H) 
8.15 (s. 0.5H), 7.88 (t 1 H). 7.88 (d. 1 H). 7.75 (d. 0.5H). 7.63 (d. 1 H). 3.65 (q. 2H). 2.73 (t 2H) 

Reaction 4 

1 H-213-(I414-[N.N43is(2<*iloroe^ 
boxyamide hydrochloride 



0.33 g (0.83 mmol) of 1 H-2K3-nitropheny1)benzimida^ hydrochloride was 

suspended in a mixed solvent of DMF and methanol, and catalytic hydrogenation was then carried out in the presence 
of 10% Pd/C as a catalyst to lead the above-mentioned compound to a corresponding amino corrpound. This DMF 
solution was stirred under ice cooling and under a nitrogen gas stream, and a methylene chloride solution of 4-[4-[N,N- 
bis(2^toroethy0amino]pheny0butyryl chloride (which was prepared by adding 0.55 g (4.6 mmols. 5.0 eq.) of thionyl 
chloride to 0.28 g (0.92 mmol) of chlorambucil, removing thionyl chloride under reduced pressure after 5 minutes, and 
then carrying out azeotropic distillation with benzene twice} was added dropwise. The tenperature of the suspension 
was returned to room temperature, followed by stirring for 7 hours. Next, the suspension was concentrated under reduced 
pressure, and the resulting residue was then purified through silica gel column chromatography (ethyl acetate/iPA/water 
« 6/2/1). and then solidified with ethanol to obtain 0.23 g (0.36 mmols. 43.4%) of the desired compound in the state of 
light yellowish white crystals. 

mp: A definite melting point was not present. 
-y ,^ NMR (DMSad e> 6: 10 31 <* 1H ). <* 2H). 8.98 (t. 1H). 8.68 (s. 1H), 8.66 (s. 2H). 8.27 (s. 1H). 7.97 (d. 2H). 

I"2 ; 1f S 770 (d ' 1H)< 756 (t 1H) - 707 ( * 2H)< 668 (d ' 2H >- 365 < m - 2H >- 2 72 ft 2H >« 255 to 2H )« 240 ft 2H ). 

i .89 (m, 2H) 

IR (KBr) cm 1 : 3064. 1690. 1519. 1310. 124S. 810. 723 
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Elemen 


taf analysis: (Q^HasClgNyOa • 2HCI • 3H 2 0) 


Calcd.: 
Found: 


C:50.62. 
C:50.36. 


H:5.89, 
H:5.61, 


N: 13.33. 
N: 12.77, 


Cl:19.28 
Cl:19.76 



10 



Example 2 (Compound 2) 
Reaction 1 

Methyl 3.4-diaminobenzoate 

NMR (CDCy 6: 7.47 (dd. 1H), 7.41 (d, 1H), 6.67 (d. 1H), 3.85 (s. 3H) 
Reaction 2 

Methyl 1 H-2-(4-nitrophenyl)te 

NMR (DMSO^) 6: 8.44 (d, 2H). 8.31 (d, 2H). 8.16 (s. 1H), 7.9-7.7 (m. 2H). 3.9 (s. 3H) 
Reaction 3 

v 

1H-2-{4-nitrcphenyl)benzimidazofe-5-cafboxylic acid 

crystals. 1 mmois, 97.6%) of the desired compound in the state of yellowish white 

mp:>278°C 

NMR (DMSO-dg) 6: 8.47 (d. 2H), 8.43 (d. 2H). 8.25 (s. 1H). 7.9 (d. 1H). 7.7 (d. 1H) 



1H - 2 -(^ophen)rf)benzinTid^^ 



033 o ^iT-MOl^^T^X ^-^^enyObenzimidazo.e-S^a.boxy.ic acid, and 
After! hounTtnl^^^ **> « room temperature under a nitrogen gas stream. 

S C00,ed 00 «ce. and 0.14 ml (1 .9 mmols. 1 .1 eq.) of p-aminopropionrtrile was then added. 
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Next the solution was stirred for 3 hours at room temperature and allowed to stand overnight. After concentration under 
reduced pressure, the resulting residue was sludged with methanol to obtain 0.47 g (1 .4 mmols. 82.9%) of the desired 
compound in the state of yellow crystals, 
mp: >270°C 

NMR (DMSO-d 6 ) 6: 8.94-8.9 (m. 1H). 8.45 (s. 4H), 8.3 (s. 0.5H), 8.1 (s. 0.5H), 7.85 (d. 0.5H). 7.65 (d. 0.5H). 3.54 
(q, 2H). 2.82 (t 2H) 

1 H-2K4-nitfOpheny1)beruimtf^ hydrochloride 

In 10 ml of ethanol was suspended 0.47 g (1.4 mmols) of 1H-2-{4-nitropheny1)benzimidazole-5-[N-(2-cyanoe- 
triyOJcarboxyamkJe. and a hydrochloric ackj gas was blown into the suspension over 30 minutes under ice cooling to 
saturate the suspension with the gas. Afterward, the suspension was stirred at room temperature for 2 hours to precipitate 
a solid after it was once dissolved. After concentration under reduced pressure, the resulting residue was sludged with 
ether, collected by filtration, and then suspended in 1 5 ml of ethanol. Next, an ammonia gas was blown into the suspen- 
sion over 2 hours to saturate it with the gas. whereby a solid was precipitated after it was once dissolved. The reaction 
system was allowed to stand overnight as it was. Next, methanol and acetone were added to the reaction solution, and 
the undissolved precipitate was collected by filtration to obtain 0.42 g (1.1 mmols. 77.9%) of the desired compound in 
the state of yellow crystals. 
mp:>279°C 

NMR (DMSO-de) 6: 9.5 (bs. 3H). 8.83 (m. 1H). 8.5 (d. 2H). 8.43 (s. 1H). 8.24 (s; 1H). 7.83 (d t 1H). 7.7 (d. 1H). 
3.65 (m.2H). 2.72 (t, 2H) 

Reactions 

1 H-214-n414-[N.N45is(2^hloro 
boxyamide hydrochloride 

0.24 g (3.3 mmols) of thionyt chloride was added to 0.12 g (0.39 mmol) of chlorambucil, and the mixture was then 
stirred at room temperature for 5 minutes. Next thionyt chloride was distilled off under reduced pressure and further 
removed by doing azeotropic distillation with benzene twice, and methylene chloride was then added. This solution was 
added to a DMF solution containing 0.54 mmol of 1 H-2-(4-arrunophenyl)benzimidazole-5-(N-(2-amidin^ 
mete hydrochloride (which was obtained by subjecting the nrtro compound of Reaction 5 to catalytic hydrogenation using 
10%Pd/C as a catalyst) under ice cooling, and the solution was stirred at room temperature for 5 hours and then allowed 
to stand overnight. Next a formed solid was removed by filtration, and the filtrate was then concentrated under reduced 
pressure. The resulting residue was purified through silica gel column chromatography (methylene chloride/metha- 
nol/acetic add <= 80/20/1). and then crystallized from ether, thereby obtaining 71 mg (0.1 1 mmols. 20.4%) of the desired 
compound in the state of light brown crystals, 
mp: Decomposed from 209°C 

NMR (DMSOde) 6: 10.4 (s. 1H), 9.07 (s. 2H). 8.97 (m. 1H). 8.64 (s. 2H). 8.29 (d. 2H). 8.24 (s. 1H). 7.95 (d. 1H). 
7.87 (d.2H). 7.77 (d. 1H), 7.07 (d. 2H). 6.67 (d. 2H). 3.70 (s. 8H). 3.64 (m, 2H). 2.71 (m. 2H). 2.39 (m. 2H). 1.88(m,2H) 
1R (KBr) cm* 1 : 3100; 1686. 1519. 1322. 1258. 1193. 843. 740 



Elemental analysis: (C31H35CI2N7O2 -2HO • 3H 2 OJ 



Calcd.: 


C:50.62. 


H:5.89. 


N:13.33. 


0:19.28 


Found: 


C:50.68, 


H:5.48. 


N:13.63. 


0:18.88 
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Exqmplg g (Compound 90) 

2-f3-(formylamino)phenyl]ber«imfa hydrochloride 
Reaction 1 

1 H-2-(3-nitrophenyl)beiuimidazole-5^ hydrochloride 

In 40 ml of ethanol was suspended 1.08 g (3.22 mmots) of 1H-2-(3-nitropheny0ben2imida2ole-5-[N-(2-cyanoe- 
thyl)]carboxyamide, and a hydrochloric acid gas was blown into the suspension over 30 minutes under ice cooling to 
saturate the suspension with the gas. Next, the temperature of the suspension was returned to room temperature, and 
after stirring for 3 hours, the suspension was concentrated under reduced pressure. The resulting residue was decanted 
twice with ether and then suspended in 40 ml of ethanol, and an ammonia gas was blown thereinto under ice cooling 
over 50 minutes to saturate the suspension with the ammonia gas. Afterward, the temperature of the suspension was 
returned to room temperature, and the suspension was stirred for 3 hours and then allowed to stand overnight Next, 
the suspension was concentrated under reduced pressure, and the resulting residue was then sludged with metha- 
nol/acetone. The resulting solid was purified through silica gel column chromatography (ethyl acetate/I PA/water = 5/2/1). 
and then sludged with methylene chloride and IPA to obtain 0.67 g (1 .72 mmols. 53.5%) of the desired compound in the 
state of creamy crystals, 
mp: >270tC 

NMR (DMSO-de) 6: 9.10-9.06 (m. 3H). 8.88 (t 0.5H). 8.79 (t 0.5H), 8.71 (bs, 3H). 8.35 (d. 1H), 8.31 (s. 0.5H). 
8.15 (s. 0.5H), 7:88 (t, 1H), 788 (d. 1H), 7.75 (d, 0.5H), 7.63 (d. 1H), 3.65 (q. 2H). 2.73 (t 2H) 

Reaction 2 

1H-2-[3-(formylamino)pheny0benzimfa hydrochloride 

In a mixed solvent of 8 ml of DMF and 8 ml of methanol was suspended 0.65 g (1 .67 mmols) of 1 H-2-(3-nttrophe- 
nyQbenzimkjazote-5-[N-(2-amidm^ hydrochloride, and catalytic hydrogenation was then carried out 

by using 0.28 g of 10% Pd/C as a catalyst Next, the suspension was concentrated under reduced pressure, and to an 
1/2 amount (a solution containing about 4 ml of DMF) of the concentrated suspension, a formylimidazole-THF solution 
(which was prepared by adding 0.16 ml (4.2 mmols) of formic acid to a mixture of 0.67 g (4.1 mmols) of CDI and 12 ml 
of THF, and then stirring the solution at room temperature in a nitrogen atmosphere for 1 hour] was added dropwise 
under ice cooling in a nitrogen atmosphere, and the temperature of the suspension was returned to room temperature. 
Afterward, the suspension was stirred for 5 hours and then allowed to stand overnight. Next, the suspension was con- 
centrated under reduced pressure, and the resulting residue was purified through silica gel column chromatography 
(ethyl acetate/IPA/H 2 0 = 6/2/1) and further purified preparative TLC (ethyl acetate/IPA/HfeO * 5/2/1) twice, and then 
solidified with IPA-ether to obtain 1 7 mg (0.044 mmol. 5.3%) of the desired compound in the state of yellow amorphous 
powder. 

NMR (DMSO<J 6 ) 6: 10.31 (s. 1H). 9.09 (s. 2H). 8.98 (t. 1H), 8.68 (s, 1H). 8.66 (s, 2H), 8.27 (s, 1H). 7.97 (d. 2H). 
7.78 (d. 1H). 7.70 (d. 1H), 7.58 (t 1H), 7.07 (d. 2H). 6.68 (d. 2H), 3.65 (m. 2H), 2.72 (t, 2H), 2.55 (m. 2H). 2.40 (t 2H), 
1.89 (m.2H) - 

IR (KBr) cm" 1 : 3064, 1690. 1519. 1310. 1245. 810. 723 



Elemental analysis: (C^t h^sC^N^ * 2HCI • 3H 2 0) 



Calcd.: 


C:50.62. 


H:5.89. 


N:13.33, 


0:19.28 


Found: 


C:50.36. 


H:5.6V 


N:12.77, 


Cl:19.76 
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Example 4 (Compound 45) 

2-[4^fbrmylamino)phe^ hydrochloride 
Regflipn 1 

1 H-2H4-ammophenyl)beruimi<te hydrochloride 

In a mixed solvent of 4 ml of DMF and 4 ml of methanol was dissolved 0.42 g (1 .08 mmols) of 1H-2-(4-nitrophe- 
nyi)benzimkjazoIe-5^N^2-arnkfi^ hydrochloride, and catalytic hydrogenation was then carried out 

by using 0.18 g of 10% Pd/C as a catalyst After the removal of the catalyst methanol was distilled off, and the half of 
the solution containing DMF was taken out and used in the next reaction. 

Reaction 2 

1 H~2^4^fbrmylamirK>)phenyQbera hydrochloride 

A solution, which had been prepared by adding 0.10 ml (2.65 mmols) of formic acid to 4 ml of a THF solution 
containing 0.44g (2.7 mmols) of CD I and then stirring the solution at room temperature for 30 minutes under a nitrogen 
gas stream, was added dropwise to a DMF solution containing 0.54 mmo! of 1 H-2-(4-aminophenyl)benzimidazole-5-{N* 
(2-amic0noethy0]carboxyarnide hydrochloride under ice cooling under a nitrogen gas stream with stirring. Afterward, the 
temperature of the solution was returned to room temperature, followed by stirring for 6.5 hours. Next the solution was 
concentrated under reduced pressure, and the resulting residue was purified through reversed phase silica gel column 
chromatography (ODS. water/rnethanol «= 50%). and then crystallized from ethanol-ether to obtain 36 mg (0.093 mmol, 
17.2%) of the desired compound in the state of white crystals, 
mp: 220-229°C 

NMR (DMSOdg. 80°C) 6: 10.80 (s. 1H). 9.06 (bs, 2H), 8.80 (bs, 3H). 8.40 (s. 1H), 8.17 (d. 1H), 8.12 (s, 1H). 7.93 
(d. 2H). 7.72 (d, 1H). 6.83 (d, 2H), 3.45 (m. 2H). 2.44 (m. 2H) 
1R (KBr) cm' 1 : 3422. 1648, 1606. 1499. 1400. 1195, 840 

Examples (Compound 44) 

1H-2^4-(fornrylamino)phenyQberc 

Reaction 1 

1H-2^4^'rtrophenyl)benzimti 

In 50 ml of DMF was dissolved 0.50 g (1.77 mmols) of 1H-2-(4-nitrophenyl)ben2imidazole-5-carboxylic acid, and 
0.34 g (2.1 mmols. 1.2 eq.) of CDI was added, followed by stirring at room temperature in a nitrogen atmosphere. After 
4 hours, the solution was cooled on ice. Then, 0.24 ml (1.9 mmols. 1.1 eq.) of N,N-dimethyl-1.3-propanediamine was 
added to the solution, and the temperature of the solution was returned to room temperature and the solution was then 
allowed to stand overnight After the completion of the reaction had been confirmed, the solution was concentrated under 
reduced pressure, and the resulting residue was sludged with methanol to obtain 0.52 g (1.42 mmols. 80.2%) of the 
desired compound in the state of yellowish white crystals. 
mp:261-265°C 

NMR (DMSOde) 6: 8.57 (t. 1H), 8.45 (s. 4H). 8.17 (s. 1H). 7.80 (d, 1H). 7.71 (d. 1H). 3.33 (q, 2H). 2.30 (t 2H), 
1.70 (m,2H) 

Reaction 2 

1H-2^4-(formy!amino)phenyn^ 

In a mixed solvent of 6 ml of DMF and 4 ml of methanol was suspended 0.18 g (0.49 mmol) of 1H-2-(4-nitrophe- 
nyT)benzimfcJazole-5^N and catalytic hydrogenation was then carried out by 

the use of 10% Pd/C as a catalyst to lead it to a corresponding amino compound. This compound was dissolved in 8 
ml of DMF and then ice-cooled, and a formytimidazole/ THF solution [0.38 g (2.34 mmols) of CDI. prepared from 88 |il 
of formic acid and 4 ml of THF] was added dropwise under a nitrogen gas stream. Next, the temperature of the solution 
was returned to room temperature, and the solution was stirred for 7.5 hours and then allowed to stand overnight. After 
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concentration under reduced pressure, the resulting residue was purified through alumina column chromatography (ICN, 
Almina N, adjusted to Grade 3 by adding water) (chloroform/methanol = 8-10%), and then crystallized from ethanol- 
ether to obtain 0.1 1 g (0.30 mmol. 64.0%) of the desired compound in the state of yellowish white crystals, 
mp: 126-1 32°C 

NMR (DMSO<J 6 ) 6: 10.43 (S. 1H). 8.45 (bs. 1H). 8.35 (s, 0.5H). 7.98 (s. 0.5H), 8.14 (d, 2H). 7.77 (d. 2H), 7.68 
(bs. 1H), 7.54 (d. 0.5H). 7.40 (d, 0.5H). 3.32 (m, 2H), 2.29 (t. 2H), 2.16 (s, 3H) 
JR (KBr) cm 1 : 3379. 2949. 1692. 1608. 1545. 1290. 844. 737 



Elemental analysis: (C20H23N5O2 • O.5H2O) 


Calcd.: 
Found: 


C:64.15. 
C:64.25. 


H:6.46. 
H:6.67. 


N:18.70 
N:18.50 



Example 6 (Compound 29) 
1 H-2-I4-fl4-I4-[N,N-bis(2-chto 

pytQcarboxyamide * 

In a mixed solvent of 6 ml of DMF and 4 ml of methanol was suspended 0.15 g (0.41 mmol) of 1H-2-(4-nitrophe- 
nyl)benzimkiazole-5-[N-[3-(di^^ and catalytic hydrogenation was then carried out by 

the use of 10% Pd/C as a catalyst to lead it to a corresponding amino compound. Next, this compound was dissolved 
in 8 ml of DMF. and 0.12 g (0.39 mmol. 0.96 eq.) of chlorambucil and 61 mg (0.45 mmol. 1.1 eq.) of HOBt were then 
added. Afterward, 96 mg (0.47 mmol. 1 .1 eq.) of DCC was further added under ice cooling in a nitrogen atmosphere, 
and the temperature of the solution was returned to room temperature. Next, the solution was stirred for 7 hours and 
then allowed to stand overnight. Since the reaction did not complete, a solution prepared by the following procedure 
was added to the reaction system, followed by stirring for 10 hours. The above-mentioned solution was prepared by 
reacting 0.12 g (0.39 mmol. 0.95 eq.) of chlorambucil with 0.24 g of thionyl chloride at room temperature for 5 minutes, 
removing thionyl chloride by azeotropic distillation with benzene, and then dissolving the thionyl chloride-free material 
in methylene chloride. After the completion of the reaction had been confirmed, the resulting solid was removed by 
filtration, and the filtrate was then concentrated under reduced pressure. Afterward, the resulting residue was purified 
through alumina column chromatography (ICN. Almina N. methylene chloride/methanol = 2%). and then crystallized 
from ether to obtain 0.13 g (0.21 mmol. 51 .2%) of the desired compound in the state of white crystals, 
mp: 200-210°C (decomposed) 

NMR (DMSO-de) * 10.14 (s. 1H). 8.54-8.5 (m. 1H), 8.15 (s. 0.5H), 8.00 (s, 0.5H). 8.10 (d. 1H). 7.80 (d. 2H). 7.70- 
7.51 (m. 2H). 7.12 (d. 2H), 6.71 (d. 2H). 3.70 (s. 8H). 3.34-3.36 (m, 2H). 2.53 (m. 2H), 2.41-2.33 (m, 4H), 2.17 (s. 6H). 
1 .92 (m, 2H), 1 .70 (m, 2H) 

IR (KBr) cm^: 2947. 1615. 1519, 1311, 1252, 846 



Elemental analysis: (CaaH^C^NeOa) 


Calcd.: 
Found: 


C:63.56. 
C:63.10. 


H:6.46. 
H:6.53. 


N:13.48 
N:13.15 



60 



EP0 719 765 A2 



Example 7 (Compound 1001) 

1 H-2^4-(guanidinoacetyl^ 
dihydrochloride 

Reatfgn 1 

1 H-2^4-nitrophenyl)berizii^ (2H^loroethyl)amirK)]phenyfI]cartx)xyamide 

In 8 ml of DMF were suspended 0.26 g (0.96 mmol) of 1 H-2-(4-nitropheny0benzim»dazole-5^rtxixylic acid and 
0.27 g (0.95 mmol) of N.N4)is(2<WoroethyO-1.4-phenylenediarnine hydrochloride, and the solution was then stirred 
under a nitrogen gas stream, while cooled on ice. Next 0.40 ml (2.87 mmols, 3.0 eq.) of triethylamine and 0.22 ml (1 .45 
mmols. 1.5 eq.) of DECP were added in this order, and the solution was stirred for 3 hours and then allowed to stand 
overnight as it was. After concentration under reduced pressure, the resulting residue was sludged with methanol to 
obtain 0.33 g (0.66 mmol. 69.7%) of the desired compound in the state of fight brown crystals, 
mp: >250°C 

NMR (DMSOde) 5: 10-11 (s. 0.5H). 10.05 (s. 0.5H). 8.46 (s, 4H). 8.42 (S. 0.5H). 8.17 (s. 0.5H). 7.95-7.84 (m. 
1.5H). 7.68 (d. 0.5H). 6.77 (d. 2H). 6.64 (d. 2H). 3.74 (s, 8H) 

BfiSgfea 2 

1H-2WguanidtnoacetylaiT^ 
dihydrochloride 

0.12 ml of 1 N hydrochloric acid was added to a solution conposed of a mixed solvent of DMF and methanol and 50 
mg (0.10 mmol) of 1H-2-(4-nitrcpheny0beruimid^^ 

Then the mixture was subjected to catalytic hydrogenation in the presence of 10% Pd/C as a catalyst to lead it to a 
corresponding amino compound. Next, the DMF solution of this amino compound was stirred under a nitrogen gas 
stream while cooled on ice, and 20 jil (0.1 4 mmol. 1 .4 eq.) of triethylamine. 46 mg (0.30 mmol. 3.0 eq.) of guanidineacetic 
acid hydrochloride and 62 mg (0.30 mmol, 3.0 eq.) of DCC were added in this order. Afterward, the temperature of the 
solution was returned to room temperature, and the solution was stirred for 2 hours and then allowed to stand overnight. 
After the removal of a formed solid by filtration, the filtrate was then concentrated under reduced pressure. The resulting 
residue was subjected to gel filtration (Sephadex UH-20. methanol), and 4N hydrochloric acid and dioxane were added 
to the etuted fraction. Next, the solution was concentrated and then sludged with methanol to obtain 10 mg (0.016 mmol. 
1 5.6%) of the desired compound in the state of white crystals, 
mp: 215-227°C (decomposed) 

NMR (DMSOde) 6: 10.30 (s, 1H). 8.35 (d. 2H). 8.32 (s. 1H), 8.05 (d. 1 H), 7.93 (d. 2H). 7.83 (d. 1H). 7.63 (d. 3H). 
7.50-7.20 (bs. 4H). 6.78 (d. 2H), 4.16 (d. 2H). 3.74 (s, 8H) 
IR (KBr) cm 1 : 3332, 1652, 1602, 1516. 1328. 737 

Example 8 (Compound 1010) 

1 H-2^4^ankjinoacetylarri 

Reaction 1 . 

m-{N.N4xs(24iydroxyethyl)amirK)]rutrobenzene 

In 36 ml of 30% acetic acid was dissolved 5.0 g (36.2 mmols) of m-aminonitrobenzene. artd 22.9 ml of ethylene 
oxide was further added under foe cooling, followed by stirring at room temperature overnight After extraction with ethyl 
acetate, the ethyl acetate layer was dried over sodium sulfate and concentrated. The resulting residue was sludged with 
ether to obtain 5.21 g (23.0 mmols. 63.6%) in the state of yellow crystals, 
rrp: 98.5-1 00°C 

NMR (DMSOKfe) 6: 7.51 (d. 1H). 7.51 (6, 1H). 7.32 (t 1H). 6.99 (d. 1H). 3.89 (t 4H). 3.73 (bs. 2H). 3.65 (t 4H) 
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Reaction 2 

3-[N.N-bis(2-cWoroethyl)amino]n'rtrobenzene 

In 25 ml of toluene was suspended 2.5 g (1 1.0 mmols) of 3-[N.N-bis(2-hydroxyethy1)arnino]nitroben Z ene. and 10JJ 
q (85 7 mmols 7.8 eq.) of thionyl chloride was added under ice cooling. Next, the suspension was heated and strred 
for 5 hours in an oil bath at 70'C. After concentration under reduced pressure, the solution was extracted wrth ethyl 
acetate after addition of water. After drying over anhydrous sodium sulfate, the extracted layer was concentrated under 
pressure, and the resulting residue was then sludged with ether to obtain 2.67 g (10.1 mmols. 92.2%) of the 
desired compound in the state of yellow crystals. 

IEr COT<£> 6: 7.61 (d. 1H). 7.50 (t. 1H). 7.39 (t 1H). 6.98 (d. 1H). 3.83 (t 4H). 3.68 (t. 4H) 

Reactions 

N.N-bis(2-chloroethyl)-1.3-phenylenediamine hydrochloride 

In 35 ml of concentrated hydrochloric acid was dissolved 2.0 g (7-6 mmols) of WN-bis(2-chloroe- 
thyoaminolnitrobenzene. and 6.9 g (30.6 mmols. 4.0 eq.) of stannic chloride (II) dihydrate was added, followed by strong 
for 1 hour in an oil bath at 100'C. Next, the solution was allowed to stand until its temperature lowered to room temper- 
ature and then diluted with water. The solution was basified with concentrated ammonia water, extracted wrth ethyl 
acetate twice, dried over anhydrous sodium sulfate, and then concentrated under reduced pressure. Afterward 4N 
hydrochloric acid and dioxane were added to the resulting residue, and after concentration, the res.due was crystallized 
from a small amount of methanol-ether to obtain 1 .97 g (7.3 mmols. 96.1%) of the desired compound .n the state of 
yellow crystals. 

NMR (OMSO-d 6 ) 6: 10.30-9.80 (bs. 3H). 7.27 (t. 1H). 6.76 (d. 1H). 6.73 (s. 1H). 6.63 (d. 1H). 3.74 (S. 8H) 
Reaction 4 

1H-2-(4-nttrophenyl)ber^midazole-5-fN^^ 

In 10 ml of DMF were dissolved 0.30 g (1.06 mmols) of iH-2K4-nitrcpheny0benzimidazole-5-carboxylic acid and 
0.29 g (1 08 mmols. 1 .0 eq.) of N.N-bis(2-chloroe1hyf)-1 .3-phenylenediamine hydrochloride, and the solution was ttten 
Sned unSer a nitrogen gas stream, while cooled on ice. Next 0.44 ml (3.15 ^^»^^ 
ml (1.58 mmols. 1.5 eq.) of DECP were added in this order, and the solution was stirred for 9 hours and Jen allowed 
to stand overnight, asH was. After concentration under reduced pressure, the resulting res.due was purrf^ through 
Sica gel column ^chromatography (chloroform/methanol = 2-4%) and then sludged with ethanol to obtain 0.23 g (0.46 
mmol. 43.5%) of the desired compound in the state of yellowish white crystals. 

NMR (DMScS 6 ) 6: 10.20 (s. 0.5H). 10.1 1 (s. 0.5H). 8.47 (s. 4H). 8.43 (s. 1H). 8.16 (s. 0.5H). 7.92 (d. 0.5H). 7.86 
(6. 0.5H). 7.71 (d. 0.5H). 7.31-7.15 (m. 3H). 6.S1 (d. 1H). 3.80-3.74 (m. 8H) 

Reaction 5 

1H-2-[4-(giianWinoa^ 
dihydrochloride 

In DMF-methanol. SO mg (0.10 mmoO of 1H-2-(4-nHrophenyl)benzimidazole-5-(N-3^N 
thyOarnirwlphenyllcaiboxyamide was subjected to catalytic hydrogenation using 10% Pd/Casa c^ysttoleadrt to a 
corresponding amino compound. Next the DMF solution of this amino compound was stirred ^er a ^rogen gas 
stream while cooled on ice. and 44 mg (0.29 mmol. 2.9 eq.) of guanidineacetic acd hydrochlonde ar^ 59 mg(0-29 
mmol. 2.9 eq.) of DCC were added in this order. Afterward, the temperature of the solution was returned ^ ^^tem- 
perature, and the solution was stirred for 5 hours and then allowed to stand overnight. After the Removal of a formed 
solid by filtration, the filtrate was then concentrated under reduced pressure. Next DMF was addedto ithe resriueand 
the resulting crystals were removed by filtration. The concentrated residue of the filtrate was subjected to ^ration 
(Sephadex LH-20. methanol), and 4N hydrochloric acid and dioxane were added to the eluted *a?hon. 
concentration. The concentrated material was crystallized from ether to obtain 31 mg (0.048 mmol. 48.0%) of thedesired 
compound in the state of light yellowish white crystals. 
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mp: 200-210°C 

NMR (DMSO-ds) 6: 10.27 (s, 1 H), 9.41 (s. 1 H) ( 8.33 (d. 2H), 8.30 (s, 1 H), 7.96 (d. 1 H). 7.90 (d. 2H), 7.80 (d, 1 H) 
7.64 (t 1H). 7.50-7.15 (m. 7H). 6.51 (d. 1 H), 4.16 (d. 2H), 3.76 (m. 8H) 
IR (KBr) cm* 1 : 3339. 1654, 1604, 1542 

Example 9 (Compound 2001) 

1 H-2^-(guan Winoacetylam^ 
dihydrochioride 

Reaction 1 

1 H-2-{3- nitrophenyl)berttimidazole-5-^ 

In 12 ml of DMF were dissolved 0.30 g (1.06 mmols) of 1 H-2^3<irtrophenyl)benzimidazole-5-cait)Oxyfic add and 
0.29 g (1.08 mmols, 1.0 eq.) of N,N^is(2<hloroethyl)-1,4-phenylenediarnine hydrochloride, and the solution was then 
stirred under a nitrogen gas stream while cooled on ice. Next. 0.45 ml (3.23 mmols. 3.0 eq.) of triethylamine and 0.24 
ml (1.58 mmols. 1.5 eq.) of DECP were added in this order, and the solution was stirred for 3 hours and then allowed 
to stand overnight as it was. After concentration under reduced pressure, methanol was added to the resulting residue, 
and the solution was then allowed to stand for 3 hours. Next the resulting solid was collected by filtration to obtain 0.45 
g (0.90 mmol. 85.2%) of the desired compound in the state of ocherous powder. 

mp: A definite melting point was not present. * 

NMR (DMSO-de) 6: 10.06 (bs. 1H). 9.06 (s. 1H). 8.66 (d. 1H). 8.38 (d. 1H). 8.38 (s. 0.5H). 8.16 (s. 0.5H). 7.90 (t 
1H). 7.93-7.70 (m. 2H). 7.63 (d f 2H). 6.77 (d. 2H). 3.74 (s. 8H) 

Reaction 2 

1 H-2-p-(guanidinoacetylamino^ 
dihydrochioride 

In DMF-methanol. 0.15 g (0.30 mmol) of 1H-2-(3-nitrophenyl)beruimkiazo^ 
thyT)arnino]phenyll]carboxyamide was subjected to catalytic hydrogenation using 10% Pd/C as a catalyst to lead it to a 
corresponding amino compound. Next, the DMF solution of this amino compound was stirred under a nitrogen gas 
stream while cooled on ice, and 0.14 g (0.91 mmols, 3.0 eq.) of guanidineacetic acid hydrochloride and 0.19 g (0.92 
mmol, 3.0 eq.) of DCC were added in this order. Afterward, the temperature of the solution was returned to room tem- 
perature, and the solution was stirred for 9 hours and then allowed to stand overnight. After the removal of a formed 
solid by filtration, the filtrate was concentrated under reduced pressure. Next, the residue was subjected to gel filtration 
(Sephadex LH-20, methanol), and 4N hydrochloric acid and dioxane were added to the eluted fraction, followed by 
concentration. The concentrated solution was crystallized from methanol, thereby obtaining 0.13 g (0.20 mmol. 67.7%) 
of the desired compound in the state of light yellowish white crystals, 
mp: >250°C 

NMR (DMSOde) 6: 10.71 (s, 1H), 10.23 (s, 1H), 8.65 (s, 1H), 8.31 (s. 1H), 8.01 (d, 2H), 7.82-7.77 (m. 2H), 7.64 
(m. 4H) f 7.60-7.20 (bs, 4H), 6.77 (d. 2H), 4.16 (d. 2H), 3.74 (s, 8H) 
IR (KBr) cm* 1 : 3310. 1652, 1517 



Elemental analysis: (CayHgsCfeNsOa • 2HCI • H 2 0) 



Calcd.: 


0:49.25, 


H:4.90, 


N:17.02. 


Cl:21.54 


Found: 


C:49.30. 


H:4.70, 


N:16.91. 


01:21.61 
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Example 10 (Compound 2004) 

1H-2-[3-(guanjdinoa<^tyiamiro^ car- 
boxyamkie dihydrochloride 

Reaction 1 

1H-2-(3- nrtrophenyl)benzimidazole-5-[N^ 

In 30 ml of DMF were dissolved 3.1 g (1 1 mmols) of 1 H-2-(3^itrophenyl)berizimidazole-5^rboxylic acid and 3.1 
g (1 1 mmols, 1 .0 eq.) of 3-methyl-4-{N ( N-bis(2-chloroethyl)amino]aniiine hydrochloride, and the solution was then stirred 
under a nitrogen gas stream while cooled on ice. Next 2.5 ml (16 mmols. 1.5 eq.) of DECP and 4.6 ml (33 mmols. 3.0 
eq.) of triethylamine were added in this order, and the solution was stirred at 0°C for 30 minutes and at room temperature 
for 3 hours and then allowed to stand overnight After the reaction solution was concentrated under reduced pressure, 
the resulting residue was dissolved in acetone. Next silica gel was added thereto, and the solution was evaporated to 
dryness under reduced pressure and then purified through silica gel column chromatography (chloroform/methanoi = 
8/2). After the solvents were distilled off under reduced pressure, the resulting residue was sludged with chloroform and 
a small amount of methanol. Next the resulting powder was collected by filtration and then washed with methanol, 
thereby obtaining:4.2 g (yield * 75%) of ocherous powder, 
mp: A def inite melting point was not present. 

NMR (DMSOde) 6: 1 0.22 (s. 0.5H). 10.16 (s, 0.5H). 9.06 (s. 1 H). 8.66 (d. 1 H). 8.42-8.36 (m. 1 .5H). 8.1 7 (s. 0.5H). 
7.93-7.62 (m. 5H) f 7.24 (d. 1 H). 3.57 (t 4H). 3.39 (t 4H). 2.31 (s. 3H) * 

Reaction 2 

1 H-2-p-(guanicfinoaretylamino)pheny 
boxyarnkJe dihydrochloride 

In a mixed solvent of 5 ml of DMF and 5 ml of methanol, 0.40 g (0.78 mmoQ of 1 H-2-(3-nttrophenyl)benzimidazole- 
5-[N-[3-methyM^N.N43is(2-chlaoe was subjected to catalytic hydrogenation using 

10% Pd/C as a catalyst to lead it to a corresponding amino compound. Next the DMF solution of this amino compound 
was stirred under a nitrogen gas stream while cooled on ice, and 281 mg (2.3 mmols, 3 eq.) of guanidineacetic acid 
hydrochloride and 483 mg (2.3 mmols, 3 eq.) of DCC were added in this order. After stirring at 0°C for 30 minutes, the 
solution was further stirred at room temperature for 6 hours and then allowed to stand overnight Next, the resulting 
precipitate was removed by f iltiation and the solvents were distilled off from the resulting filtrate underreduced pressured. 
The resulting residue was purified through silica gel column chromatography (chloroform/methanoi = 95/5). After the 
solvents were distilled off under reduced pressure, the resulting residue was dissolved in methanol, and ether was then 
added to the solution, so that precipitation occurred again, thereby obtaining 155 mg (yield = 34%) of white powder. 

NMR PMSOKle) 6: 10.83 (s, 1H). 10.44 (s, 1H), 8.68 (s. 1H). 8.37 (s. 1H), 8.09 (d, 2H), 7.89 (d. 1H). 7.82 (d, 
1H). 7.73-7.63 (m. 3H). 7.44 (bs. 4H). 7.25 (d, 1H), 4.19 (d, 2H), 3.57 (t 4H), 3.37 (t. 4H), 2.31 (s, H) 

IR (KBr) cm 1 : 3348. 1665, 1504. 1308. 1263. 884 

Example 11 (Compound 2006) 

1H-2-p-(guank$noacetylan^ 
boxyamide dihydrochloride 

Reaction 1 

1 H-2-(3- fiftrophenyQbenzimidaz^ 

In 7 ml of DMF was dissolved 0.60 g (2.12 mmols) of 1 H-2-(3-nitropheny0benzimida2ole-5-cartKJxylfo acid, and the 
solution was then stirred under a nitrogen gas stream while cooled on ice. Afterward. 2.45 mmols of 3-chloro-4-{N.N- 
b*s(2-ch!oroethy1)amino]aniline hydrochloride {which was synthesized from 0.73 g (2.45 mmols) of a corresponding nftro 
compound by catalytic hydrogenation) and 0.89 ml (6.38 mmols. 3.0 eq.) of triethylamine were added in this order, and 
5 ml of DMF was further added. Next. 0.48 ml (3.16 mmols. 1 .5 eq.) of DECP was additionally added, the solution was 
stirred for 6 hours and then allowed to stand overnight, as it was. After concentration under reduced pressure, the 
resulting residue was purified through silica gel column chromatography (chloroform/methanoi = 4%) and then crystal- 
lized from ethyl acetate. According to confirmation by NMR, the introduction of triethylamine hydrochloride was observed. 
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and therefore, together with the resulting filtrate, the crystals were subjected to gel filtration (Sephadex LH-20. methanol). 
Next solidification was accomplished with ether, thereby obtaining 0.48 g (0.90 mmol. 42.0%) of the desired compound 
in the state of ocherous solid. 

mp: A definite melting point was not present. 
5 NMR (DMSOd 6 ) 6: 10.39 (s, 1H), 9.06 (s. 1H). 8.66 (d. 1H), 8.38 (d, 1H), 8.32 (s. 1H). 8.03 (d. 1H), 7.93-7.87 

(m. 2H), 7.76 (d. 1H), 7.73 (dd, 1H). 7.37 (d, 1H). 3.64-3.48 (m. 8H) 

Reason, 2 

10 1H-2^3-(guankJinoacetytamirK>^ phenyl]]car- 
boxyamide dihydrochloride 

In DMF-methanol. 0.21 g (0.40 mmol) of 1H-2-(3-nitropheny0benzimkdazole-5-tN-[3-chloro-4-[N,N-bis(2-<iiloroe- 
thyOamino]phenyl]]cafboxyarrude was subjected to catalytic hydrogenation using 10% Pd/C as a catalyst to lead it to a 

is conresponding amino compound. Next, the DMF solution of this amino compound was stirred under a nitrogen gas 
stream while cooled on ice, and 0.18 g (1.17 mmols. 3.0 eq.) of guanidineacetic acid hydrochloride and 0.24 g (1.16 
mmols. 3.0 eq.) of DCC were added in this order. Afterward, the temperature of the solution was returned to room 
temperature, and the solution was stirred for 2 hours and then allowed to stand overnight After the removal of a formed 
solid by filtration, the filtrate was concentrated under reduced pressure. Next, the residue was subjected to gel filtration 

20 (Sephadex LH-20, methanol), and 4N hydrochloric acid and dioxane were added to the eluted fraction, followed by 
concentration. The concentrated material was solidified with ether, thereby obtaining 0.15 g (0.22 mmol. 55.7%) of the 
desired compound in the state of light yellowish white power. * 
mp: A definite melting point was not present. 

NMR (DMSO-de) 6: 10.78 (s. 1H), 10.63 (S, 1H). 8.67 (s. 1H), 8.37 (s. 1H), 8.04 (m, 2H), 7.88-7.63 (m, SH). 7.60- 
25 7.25 (bs. 4H). 7.37 (d, 1 H). 4.1 8 (d. 2H), 3.62 (t 4H). 3.51 (t. 4H) 
IR (KBr) cm" 1 : 3313. 1673. 1498. 1385. 1307. 1252 
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Elemental analysis: (C 2 7H27CI 3 N 8 02 • 2HCI • 5H 2 0) 




Calcd.: 


C:42.40. 


H:5.14. 


N:14.65 




Found: 


C:42.48, 


H:4.73, 


N:14.67 
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Example 12 (Compound 201 1) 

40 1H-2-{3-lI4-(guankJino)butyryqa(™^ 
mide dihydrochloride 

In DMF-methanol. 0.20 g (0.40 mmol) of 1H-2-(3-nifropheny0benzimkto^ 
thyOamino]phenyl]]carboxyamide was subjected to catalytic hydrogenation using 10% Pd/C as a catalyst to lead it to a 

45 corresponding amino compound. Next the DMF solution of this amino compound was stirred under a nitrogen gas 
stream while cooled on ice, and 0.22 g (1.21 mmols, 3.0 eq.) of guanidinobutyric acid hydrochloride and 0.25 g (1.21 
mmols. 3.0 eq.) of DCC were added in this order. Afterward, the temperature of the solution was returned to room 
temperature, and the solution was stirred for 3 hours and then allowed to stand overnight After the removal of a formed 
solid by filtration, the f fltrate was concentrated under reduced pressure. Next the residue was purified through silica gel 

so column chromatography (ethyl acetate/IPA/water «= 6/2/1) and then subjected to gel filtration (Sephadex LH-20, metha- 
nol) . and 4N hydrochloric acid and dioxane were added to the eluted fraction, followed by concentration. The concentrated 
material was solidified with ether, thereby obtaining 0.10 g (0.15 mmol, 37.5%) of the desired compound in the state of 
yellow power (hygroscopic). 

mp: A definite melting point was not present. 

55 NMR (DMSO-dg) 6: 10.59(s. 1H). 10.32(s. 1H),8.69(s. 1H).8.36(s. 1H).8.10(d. 1H),8.05(d. 1H).7.95(t 1H). 

7.87 (d, 1H), 7.79 (d. 1H). 7.65 (m. 3H). 7.50-7.00 (bs. 4H), 6.77 (d, 2H). 3.74 (s. 8H). 3.18 (q. 2H). 1.85 (m. 2H) 
IR (KBr) cm" 1 : 3164. 1655. 1517. 1330. 1247. 1182 



EP 0 719 765 A2 



Elemental analysis: (C29H 32 CI 2 N 8 02 • 2HCI •3.3H 2 0) 


Calcd.: 
Found: 


C:47.85, 
C:47.95. 


H:5.62, 
H:5.49. 


N: 15.39. 
N:15.10. 


Q: 19.48 
CI: 19.35 



10 

Example 13 (Compound 2014) 

1 H-2-p-fl4-(guankjirK>)butyry0anri^ 
is nytflcarboxyamkte dihydrochloride 

In a mixed solvent of 5 ml of DMF and 5 ml of methanol. 0.40 g (0.78 mmol) of 1 H-2-(3-nitrophenyl)benzimidazole- 
5-[N-[3^ethyM^N,N43is(2<fcto^ was subjected to catalytic hydrogenation using 

10% Pd/C (wetyaas a catalyst to lead it to a corresponding amino compound. Next the DMF solution of this amino 

20 compound was Stirred under a nitrogen gas stream while cooled on ice, and 426 mg (2.4 mmols, 3 eq.) of 4-guanidi- 
nobutyric acid hydrochloride and 450 mg (2.4 mmols, 3 eq.) of EDCi were added in this order. Afterward, the solution 
was stirred at 0°C for 30 minutes and further at room temperature for 3 hours, and then allowed to stand overnight. The 
solvents were distilled under reduced pressure, and the resulting residue was then purified through silica gel column 
chromatography (ethyl acetate/ IPA/water = 5/2/1). After the solvents were distilled off under reduced pressure, the 

25 resulting residue was dissolved in methanol and then further subjected to gel filtration column chromatography (Sepha- 
dex LH-20. methanol). After the solvents were distilled off under reduced pressure, the resulting residue was then sludged 
with acetone-lPA, thereby obtaining 1 13 mg (yield 21%) of the desired compound in the state of light yellow power. 

NMR (DMSO-d 6 ) 6: 10.58 (s, 1H). 10.44 (s, 1H), 8.69 (s. 1H). 8.36 (s. 1H), 8.11-7.61 (m. 7H), 7.25 (bs. 4H), 7.25 
(d. 1H). 4.03 (q. 1H), 3.57 (t. 4H), 3.37 (t 4H), 3.26 (q, 2H). 2.50 (t. 2H). 2.31 (s, 3H). 1 .84 (m. 2H) 

30 IR (KBr) cm" 1 : 3357, 1664, 1504, 1308, 1 180. 886 

Example 14 (Compound 2016) 

1H-2-(3-[[4-(guanidino)butyiyflarruno]phen^ 
35 boxyamide dihydrochloride 

In DMF-methanol, 0.31 g (0.58 mmol) of 1H-2-(3-nitropheny0benzimida2ole-5-[N-[3-chlpro-4-IN,N-bis(2-chloroe- 
thyOarruno]phenyq]<^rboxyamide was subjected to catalytic hydrogenation using 10% Pd/C as a catalyst to lead it to a 
corresponding amino compound. Next, the DMF solution of this amino compound was stirred under a nitrogen gas 

40 stream while cooled on ice, and 0.32 g (1.76 mmols, 3.0 eq.) of guanidinobutyric acid hydrochloride and 0.36 g (1.74 
mmols, 3.0 eq.) of DCC were added in this order. Afterward, the temperature of the solution was returned to room 
temperature, and the solution was stirred for 3 hours and then allowed to stand overnight. Since the material did not 
disappear the next day, 0.1 1 g 4-guankJinobutyric acid and 0.12 g of DCC were added, followed by stirring for further 2 
hours. After the removal of a formed solid by filtration, the filtrate was concentrated under reduced pressure, and the 

45 resulting residup was then purified through silica gel column chromatography (ethyl acetate/I PA/water = 6/2/1 ) and then 
further subjected to gel filtration (Sephadex LH-20, methanol). Next 4N hydrochloric acid and dioxane were added to 
the eluted fraction, followed by concentration. The residue was collected by scraping, thereby obtaining 73 mg (0.10 
mmol. 1 7.9%) of the desired compound in the state of a white solid, 
mp: A definite melting point was not present. 

so NMR (DMSO-dg) 6: 10.37 (s. 1 H). 10.29 (s. 1 H), 8.59 (s, 1 H). 8.29 (bs. 1 H). 8.03 (s. 1 H). 7.88-7.72 (m. 6H). 7.51 

(t 1H). 7.36 (d. 1H), 7.40-6.80 (bs, 4H). 3.62 (m, 4H). 3.50 (m. 4H). 3.19 (m, 2H). 2.46 (m. 2H). 1.84<m, 2H) 
IR (KBr) cm* 1 : 3178. 1662. 1498. 1393. 1304 
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5 


Elemental analysis: (C^I^CIaNeC^ '2HCI *0.5H 2 O) 




Calcd.: 


C:48.93. 


H:4.81, 


N:15.74 




Found: 


C:48.65. 


H.5.16. 


N:15.65 



10 



20 



Example 15 (Compound 2031) 

^am^phenyqcart>oxyamide was subjected to catalytic hydrogenation using 10% TO » aSKSE^ 
ZZSSttZ? C ° mpOUnd - Next ' the DMF so,lrtion of ^is amino compound was stirred uS^ nit ofen 
ST^S ™ 81X1 020 A < 119 ^ 3.0 eq.) of 4^imethy1aminobutyric acid hydrcSorle and fl 2?o 

5 T 018, 30 } ° f DCC were added in * is order. Afterward, the temperature of the wfcjfcnSSSSmldfc , r2m 
temperature, and the solution was stirred for 4.5 hours and then allowed toTand overnX Aftt^eTe^ cf a farS^ 

S2i52? 0n S *? """J WaS C ° nCentrated under P ress -. and the re^r^^en^S 

SSSE W a'SS: ST° I T V ^ rT™*"" ' ^) ^ then further subjected to geuKS 
coSrS rS^t™,^ 2?J, T ,* pfeSence ° f jmpurities was Served, the solution was subjected to silica gel 
S^^X^Jf^ acetate/methanol = 1/1) again and then further subjected to gel filtration (Sephadex uJ 

mp: A definite melting point was not present. 

8 12 ftfSS?? £^ 6 ; "-S t JS: 10 07 (S ' °- 5H)> 10 01 (S< ° SH) - 8 59 <* 0 5H >- 8 57 < s - °- 5H >- 8-33 (s. 0.SH). 
8 - 12( *R°A 7 ^^ 



30 





Elemental analysis: (C^ 0 H34CI 2 N 6 O 2 • Ha • H 2 0) 




Calcd.: 


C:56.65, 


H:5.86, 


N:13.21 


40 


Found: 


C:56.60. 


H:5.78. 


N:13.00 



Example ifi (Compound 2091) 
^243^niethyfthto)propiony1]aiTiino^ 

* 5^?4™rlSsSSilS^ ^J - l^" 01 ' 027 8 (054 01 1H-2-(3^tropheny0benzimidazole- 
Se2X2E£^^ 8ubieeted to cata, y lic hydrogenation using 10% Pd/C 

2L5£?2£? ^ responding amino compound. Next the DMF solution of this amino compound was stirred 
otV(Q^^f^T^r^ 3nd 70 * (a68 eq.) of SKmethyltNo^onic acid and 

toi^SZSL ? J?? W6fe addedin 4,1(5 order Afterward, the temperature of the solution was returned 

55 S u^eSl^^^r f aed for 2 - S houre ^ al,owed to <**"»BM- Since the progress 

^adS arS^S,^ " ^ ° M ' (0 68 <* 3 (methy1thio)propionic acid and 0. 13 g (0.63 mmoQ <?DCC 
£S bffSaS ^ ^ 1 0 and then allowed to stand overnight After the removal of a formed 

T^m^'^^T W3 f C ° nC ! ntra,ed under reduced pressure, and the resulting residue was then purified 

«-i / g (0.30 mmol. 552%) of the desired compound in the state of light yellowish white crystals. 
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mp: 142-1 46°C 

NMR (DMSO-de) 6: 10.21 (s. 1H). 10.07 (s. 0.4H). 10.01 (s. 0.6H). 8.55 (m 1H) 8 33 fs 0 em a 1 1 i* n 
7.87-7.59 (m. 6H). 751 (t. 1H). 6.77 (d. 2H). 3.74 (s. 8H). 2.82-2 65 (m. 4H).?i2 (s 2H) ' >' 81 ( * ° 4H> ' 

IR (KBr) cm ': 3259. 1644. 1518. 1327. 1248. 1181. 814 





Elemental analysis: (C^HjsCfeNeOgS • HgO) 


10 


Calcd.: 


C:57.14 f 


^5,31, 


N:11.90 




Found: 


C:57.09, 


H:5.40. 


N:11.67 



IS 



Example 17 (Compound 2041) 



9 , ? AB mm °° ° f ^-^-^-^e^ioJProptonyOamlnolphenyQberaimidazole-S-rN-W-fN N-bisfti-chloroe- 

to J!' ^ the SO ' Uti0n W3S stinred 84 room temperature for 9 hours under shading and then 

25 552223?" A i W ~ nCent ?j i ° n under Pressure, the resulting residue was subj^o gel fEon 

desired compound in the state of light yellowish white powder. ' 
mp: A definite melting point was not present. 

*> IR (KBr) cm 1 : 3407. 1645. 1614. 1517. 1328. 1249. 1181 



35 


Elemental analysis: (CzsH&CtyN&S • HQ) 




Calcd.: 


C:46:51, 


H:4,44. 


NS.35 




Found: 


C:46.20, 


H.4.24. 


N.-9.08 



40 



SO 



Example 19 (Compound 2092) 

itr- 

S^^^nV^Jo^ ° M rr d 5 m ' 01 methano1 ' 040 0 < 0 " 78 mmol > <* 1H-2-(3-nrtro P henyl)benzimida2ole- 
XSKJ2!2^^ W3S to -"We hydrogenation using 

w^stinld IS^Jf 1 corresponding amino compound. Next the DMF solution of this amino corrpound 

aS 3 rn3 s g f^Tn^ ,e ^ and 281 < 2 3 mmote - 3 «tt of 3-(methy.thioiproptonic 

mhuit^ «^,2'1T^ * J 01 °° W6re added in «• order. Afterwaid. the solution was stirred at O'Cfor 30 
wa^S^T^ t -oom temperature for 6 hours and then allowed to stand overnight After the resulting precipitate 
SeTSo^^r; If ^'T 3 W6re (fiSti " ed «* under reduced Pressure, and the resulting residue then 
^^^ D r^ r l1^^ < ^^ raph/ ^'^^ethano. « 95/5). After the solvents were distilled off 
^^IS ^1^? resu,bn9 resdue was dissolved in methanol, and ether was then added, so that precipitation 
NMrTd^SS TT£ 9 , ^JT 9 <*" = ^ * lhe desired «"Wd in the state ofwhite pov^er 

(d 1H)T£ S2fJ4 . 22 fi!?' 1 °J 6 (8< 1H) ' 857 (6> 1H) - 8 24 1H >- 786 < d - 2H >- 772-7.4^m. 5H). 7.24 
(0. 1H). 3.57 (t 4H). 3.36 (t 4H). 2.80 (t 2H). 2.68 (t 2H), 2.37 (s. 3H). 2.12 (s. 3H) 
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Example 19 (Compound 2044) 

2-[N-[3-{5-[N-[3-methyl-4-[N.N-bis(2-ch^ 
thyl-dimethylsulfonium iodide 

0.10 g (0.17 mmol) of 1H-2^3^(3-(methylthio)propio^ 
chloroethyi)amino]phenyl]]caftx5xyamide was dissolved in a mixture of 0.6 ml of 80% formic acid, 0.3 ml of acetic acid 
and 0.5 ml of methyl iodide, and the solution was then stirred at room temperature for 3 hours under shading and then 
allowed to stand overnight After concentration under reduced pressure, the resulting residue was purified through ge! 
filtration column chromatography (Sephadex LH-20, methanol, carried out twice). The solvents were distilled off under 
reduced pressure, and the resulting residue was dissolved in methanol. Afterward. IPA was added to the solution, so 
that precipitation occurred again, thereby obtaining 58 mg (yield = 47%) of the desired compound in the state of light 
yellow powder. 

NMR (DMSO^) 6: 10.56 (s. 1H), 10.20 (s. 1H), 8.59 (s, 1H). 8.27 (s. 1H). 7.91 (d. 2H), 7.78-7.55 (m. 5H), 7.24 (d, 1H). 
3.57 (t 4H). 3.37 (t 4H). 3.21 (t 2H), 3.05 (t, 2H), 2.97 (s, 6H). 2.31 (s. 3H) 
IR (KBr)cm-1:3422, 1654, 1502, 1313. 1118.885 

Example 20 (Compound 2093) 

1H-2^3-p-(methytthio)pr^ 
ny)]]carboxyarnide 

In DMF-methanol, 021 g (0.40 mmoO of 1H-2-(3-nitropheny1)berizimidazole-5-[^^ 
thy0amirK5]phenyQ]carboxyannide was subjected to catalytic hydrogenation using 10% Pd/C as a catalyst to lead it to a 
corresponding amino compound. Next, the DMF solution of this amino compound was stirred under a nitrogen gas 
stream while cooled on ice, and 0.12 ml (1.16 mmols, 2.9 eq.) of 3-methylthiopropionic acid and 0.24 g (1.16 mmols, 
2.9 eq.) of DCC were added in this order. Afterward, the temperature of the solution was returned to room temperature, 
and the solution was stirred for 2 hours and then allowed to stand overnight. After the removal of a formed solid by 
filtration, the filtrate was concentrated under reduced pressure, and the resulting residue was subjected to silica gel 
column chromatography (chloroform/ methanol = 4%) and then solidified with ether, thereby obtaining 0. 1 8 g (0.30 mmol. 
75.3%) of the desired compound in the state of light yellowish white powder, 
mp: A definite melting point was not present. 

NMR (DMSO-de) 6: 10.36 (s. 1H), 10.23 (s. 1H). 8.58 (s, 1H), 8.25 (s. 1H), 8.02 (d, 1H), 7.85 (d. 2H). 7.75-7.69 
(m, 2H), 7.52 (t 1H). 7.37 (d. 1H), 3.62 (t. 4H). 3.50 (t 4H), 2.80 (t. 2H), 2.68 (t 2H) 

Example 21 (Compound 2046) 

2-[N-p-I5^N-{3-cWoro^-[N,N-bis(2-chloroethyl)arrt 
thyfjdimethylsutfonium iodide 

0.1 0 g (0. 1 7 mmol) of 1 H-2-{3-(3-methyfthiopropiony1amino 
roethyl)amino]phenyri]rarto was dissolved in a mixture of 0.5 ml of 85% formic acid and 0.25 ml of acetic acid, 

and 0.2 ml of methyl iodide was then added, followed by stirring at room temperature for 3 days under shading. After 
concentration under reduced pressure, the resulting residue was subjected to gel filtration (Sephadex LH-20, methanol), 
and then solidified with ether, thereby obtaining 0.10 g (0.13 mmol, 81 .2%) of the desired compound in the state of light 
yellowish white powder. 

mp: A definite melting point was not present. 

NMR (DMSO-de) 6: 10.48 (s, 1H). 10.35 (s. 1H). 8.58 (s. 1H). 8.25 (s. 1H), 8.02 (s. 1H), 7.86 (m. 2H). 7.71 (m. 
3H). 7.55 (t 1 H). 7.36 (d.1 H), 3.64-3.48 (m, 8H), 3.03 (t 2H). 2.97 (s. 6H) 
IR (KBr) cnV 1 : 3248, 1655. 1577. 1497. 1389. 1307 
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Elemental analysis: (Cas^C^INsOaS^SHkO) 


Calcd.: 
Found: 


C:43.98, 
C:44.00. 


H:4.58. 
H:4.26. 


N:8.84 
N:8.62 



Example 22 (Compound 2051) 

1H-2-[3-[(3-rrKxpholinopropionyl)am^ 
mide hydrochloride 

In DMF-methanol, 0.51 g (1.02 mmols) of 1H-2-(3-nitrophenyl)benzimida20le-5-[N-[4-lN,N-bis(2-chloroe- 
thy1)amino]phenyQ]carboxyamide was subjected to catalytic hydrogenation using 10% Pd/C as a catalyst to lead it to a 
corresponding amino compound. Next, the DMF solution of this amino compound was stirred under a nitrogen gas 
stream while cooled on ice, and 0.21 ml (1 .51 mmols, 1 .5 eq.) of triethytamine and a chloroform solution containing 1 .53 
mmols of 3-morptiolinopropionyl chloride {which was prepared from 0.30 g (1 .53 mmols) of 3-morphofinopropionic acid 
and 1 ml of thioriyi chloride in chloroform} were added in this order. Afterward, the temperature of the solution was 
returned to room temperature, and the solution was stirred for 3 hours and then allowed to stand overnight. Since the 
material did not disappear the next day, the chloroform solution containing 1 .53 mmols of 3-morphoIinopropionyl chloride 
was further added. After stirring for 9 hours, the solution was concentrated under reduced pressure, and the resulting 
residue was subjected to silica gel column chromatography (chloroform/methanol «= 8-12%). Next, the eluted fraction 
was concentrated, and methanol was then added. Afterward, the resulting solid was collected by f fltration to obtain 0.18 
g (0.28 mmol. 27.3%) of the desired compound in the state of light yellowish white powder. Furthermore, the filtrate was 
subjected to gel filtration (Sephadex LH-20. methanol) and then solidified with ether, thereby obtaining 0.11 g (0.17 
mmol. 16.7%) of the desired compound in the state of white powder (total yield m 44.0%). 
mp: A def irate melting point was not present. 

NMR (DMSO-de) 6: 10.30 (s, 1H). 10.08 (s. 0.4H). 10.01 (s. 0.6H), 8.57 (s. 0.4H), 8.54 (s. 0.6H), 8.33 (s, 0.6H). 
8.12 (s. 0.4H). 7.88-7.47 (m. 7H). 6.77 (d. 2H). 3.74 (s. 8H). 3.60 (m, 4H), 2.67 (m. 2H), 2.55-2.44 (m, 6H) 
IR(KBr)cm- 1 :3120. 1622, 1591. 1519. 1341. 1183. 1115 



Elemental analysis: ((^K^CkNgOa • HCI • 4H 2 0) 


Calcd.: 
Found: 


C:51.85. 
C:51.81. 


H:6.04. 
H:6.22. 


N:11.70 
N:12.12 



5: 

i 

Example 23 (Compound 2053) 

1 H-2-p-[(3-morprrclinoprop^ 
nyijcarboxyamide hydrochloride 

In a mixed solvent of 10 ml of DMF and 10 ml of methanol was dissolved 0.50 g (1.00 mmol) of 1H-2-(3-nitrophe- 
ny0benarradazole-5-[N-[4-^ and catalytic hydrogenation 

was then carried out under a nitrogen atmosphere in the presence of 1 0% Pd/C as a catalyst to lead the above-mentioned 
compound to a corresponding amino compound. Next, the DMF solution of this amino compound was stirred under a 
nitrogen gas stream while cooled on ice. and 0.59 ml (3.0 mmols) of morpholinoethylcarboxylic add hydrochloride and 
0.62 g (3.00 mmols) of DCC were added in this order. Afterward, the temperature of the solution was returned to room 
temperature, and the solution was then allowed to stand overnight. After the reaction, the reaction solution was concen- 
trated under reduced pressure, and the resulting brown syrup-like residue was purified through silica ge! column chro- 
matography (chloroform/methanol «= 20/1 -1 0/1 ). Next the resulting fluorescent fraction was taken out concentrated, and 



70 



EP 0 719 765 A2 



fudged with ether/chloroform to obtain 0.25 g (0.38 mmol. 38.0%) of the desired compound in the state of white 

mp: A definite melting point was not present. 
, o- , NMR ^S 0 -^) 6: 10 25 ( s . 1H ). 10.18 (s. 0.5H). 10.13 (s. 0.5H). 8 55 (d 1H) 3 34 0 SHI ft is /* n eu4 

Example 24 (Compound 2054) 
f^xyaS^ 

4^'" P^-™*™ 0 '- 0 3 ° 8 (0.56 mmol) of 1H-2-(3-nitropheny0benzimidazole-S-[N-f3-chloro-4-fN N-biste-rtUn™ 
thyljarranolphenylljcamoxyamide was subjected to catalytic hydrogenation using 10% pS? as a^sfto ^ «' 

^I^S 1 " 9 C ° mpOUnd - NeXt the DMF °< thisLino compound was nit ofen cis 

S rTS^^MT^^ 0 ' c 12%) - 7716 e,uted Action was further subjected to gSS^™ 
S^S'JS* N h ,r dr0Ch,0ric add and dioxane were added, followed by concentration. (Z 

np: A definite melting point was not present 

ft 1H1 T2£ i I!?54fJS? f ^ J? 1 ,0 - 61 (S< 1H).8.37(s. 1H).8.04(m.3H). 7.87-7.73(m 3H) 764 

^'.o?3i^ 1H) i 3 " 87 - 3 - 79 (m ' 3 (t 4H). 3.51 (t. 4H). 3.44 (m. 4H). 3.06 (m. 4H) 
IR (KBr) cm ': 3214. 1671. 1576. 1497. 1394. 1307. 1128. 1087 



Elemental analysis: (03^330^03 • HCI * 6.5^0) 


Ceiled.: 
Found: 


C:46.69. 
C:46.53. 


H:5.94 f 
H:5.95 f 


N:10.54 
N:10.45 



Example 25 (Compound 2061) 
1H-2^^-pyn^cetylamino)phenylJberttimklazol^ 

In D^-methanol. 0.40 g (0.80 mmol) of 1 H-2-(3-nitrophenyl)benzimidazole-5-rN-r4-fN N-biste-chloroe- 
c^Z^^^"** WSS ****** to ""M* hydrogenation using 10%^2a cSySSeSJSt 
^^e^^T^ n^ ^o? MF S °' U,i0n 01 0118 ^ was birred SK 2££ ^ 

mm?£ Tsl^nr. 8 ^i 1 0 ( i 21 mmols - 15 •*> of 3-pyridylacetic acid hydrochloride and 0.23g (1^0 

WlctSS 2£7£r1 0r ff AftefWard ' the ,em P erature <* * e «**» was returned to Joom 
slS^ to^S ^ ^ for " hou f B - After concentration under reduced pressure, the resulting residue was 
l^SSr^^ 09 ^^ (Ctl,0raform/methano1 - 8%). and then solidified with ether Since so™ 
3£Swa7er to o^ott^I^M !f^ rat,n9 operation carried out by the use of chloroform and dilute 
roiSTiZ h^^T 1 ^ '"solubles. Next - the "nsolubles were collected by filtration to obtain 49 mg (0 083 mmol 

cenS* S SlSSS^irr ° f , ,i9 l t i rOWn SO,id ' Furthe ™ e ' «" »■ ch.oroforX?^sTn: 
S^M b^^eT 1 ^ ° bta,n,nfl 65 ^ <° 10 mmo '- 125% > of the desired hydrochtoride in 
mp: A definite melting point was not present 
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Hydrochloride: NMR (DMSO-de) 6: 10.52 (s. 1H), 10-03 (s. 1H). 8.62 (s. 1H). 8.54 (m. 2H). 8.22 (s. 1H). 7.91- 
7 84 (m. 3H). 7.72-7.62 (m. 4H), 7.55-7.45 (m. 2H). 6.77 (d. 2H). 3.81 (s. 2H), 3.73 (s, 8H) 
1R (KBr) cm' 1 : 3070. 1617. 1518. 1328. 1184. 1141 



Elemental analysis (free form): ((^HgaCfeNeOa • 2.5^0) 



Calcd.: 


C:58.86, 


H:5.26. 


N:13.29 


Found: 


C:58.86. 


H:5.44. 


N:13.28 



Example 26 (Compound 2063) 

i H -2,p-(3-pyrkjyiacetytarrf^^^ 

made 

In 10 ml of a mixed solvent of DMRmethanol - 1 :1. 0.40 g (0.80 mmol) of 1 H-2-(3-™trophenyl)benrimidazole-S-^l- 
I3-methyl^4N < N-bis(2<hloroethyl)aminolphenylI]caftx)xyamide was subjected to catalytic hydrogenation using 10% 
Pd/C as a catalyst to lead it to a corresponding amino compound. Next the DMF solution df this am.no compound was 
sthredurxieranfrogengasstreamwN.e^ 

and 0 45 g (2.4 mmols. 3 eq) of EDCI were added in this order, followed by strnng for 30 minutes as it was. After strred 
at room temperature for further 3 hours, the solution was allowed to stand overnight. After the solvents were d.st.1 ted off 
under reduced pressure, the resulting residue was purif ied through silica gel column chromatography (chloroform/meth- 
anol = 95/5). The solvents were distilled off. and the residue was then dissolved in methanol. Next isopropyl ether was 
added, so that precipitation occurred again, to obtain 153 mg (yield = 33%) of white powder 

NMR (DMSOnde) 6: 10.48 (s. 1H). 10.18 (bs. 0.5H). 10.13 (bs. O.SH). 8.61-7.36 (m. 13H). 7.23 (d. 1H). 3.77 (s. 
2H). 3.59 (t. 4H). 3.36 (t 4H). 2.31 (s. 3H) 

IR (KBr) cm" 1 : 3348. 1665. 1504. 1308. 1263. 884 

example 27 (Compound 2064) 

1H-2-p-C3-oyridylacetyl^ 
rrfde 

In DMF-methanol. 0.40 g (0.75 mmol) of iH-2-(3-nitropheny0benzimidazo^^ 
thyOaminoJphenyaicamoxyamide was subjected to catalytic hydrogenation using 10% Pd/C asa catalyst to lead rt to a 
corresponding amino compound. Next, the DMF solution of this amino compound ^^^^f^" ^ 
stream while cooled on tee. and 0.21 g (1.21 mmols. 1.6 eq.) of 3-pyridylacet»c aad and 032* "O^-J- ^ ° f 
EDCI were added in this order. Afterward, the temperature of the solution was returned to room ter^rature. followed 
by stirring for 3.5 hours. After concentration under reduced pressure, the resulting residue was subjected to a separatng 
deration by the use of chloroform and water to precipitate gel-Oke insolub.es. Next ^ e ^ su ^ aqu ^" s ^ r ^ 
aSed to a P * of about 1 1 with an aqueous sodium hydroxide solution and then extracted w.th 
obtained chloroform layers were joined to each other, dried over anhydrous sodium sulfate. ^Xten^rtatei under 
reduced pressure. Afterward, the residue was solidified with ether, thereby obtaining 96 mg (0.15 mmol. 20.6%) of the 
desired hydrochloride in the state of light brown powder. 

mp: A definite melting point was not present. arm an 

NMR (DMSO-dg) 6: 10.47 (s. 1H). 10.37 (s. 0.4H). 10.31 (s. 0.6H). 8.57 (s. 1H). 0A8 (d 1IJ. 8*4 (s. a6H). 8.1 1 
(S. 0.4H). 8.02 (6. 1H). 7.87-7.61 (m. 7H). 7.52 (t 1H). 7.40-7.35 (m. 2H). 3.77 (s. 2H). 3.61 (t. 4H). 3.50 (t 4H) 
IR (KBr) cm" 1 : 3191. 1631. 1582. 1498. 1390, 1309 
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Example 28 (Compound 2073) 

1H«2-[3-(4i5yridylacetylamino)phen^ 
mide 

In 10 ml of a mixed solvent of DMF:methanol = 1:1. 0.40 g (0.80 mmol) of 1 H-2-(3-nitrophenyl)benzimidazole-5-[N- 
r3^ethyM^N.N45is(2-<*loroethyl)am was subjected to catalytic hydrogenation using 10% 

Pd/C as a catalyst to lead it to a corresponding amino compound. Next the DMF solution of this amino compound was 
stirred under a nitrogen gas stream while cooled on ice. and 0,4 g (2.3 mmols. 3 eq.) of 4-pyridylacetic acid hydrochloride 
and 0.45 g (2.4 mmols. 3 eq) of EDCI were added in mis order, followed by stirring for 30 minutes as it was. After stirred 
at room temperature for additional 6 hours, the solution was allowed to stand overnight After the solvents were distilled 
off under reduced pressure, the resulting residue was purified through silica gel column chromatography (chloro- 
form/methano! = 6/1). The solvents were distilled off. and the residue was further purified through silica gel column 
chromatography (chloroform/methanol = 8/1). The solvents were distilled off. and the residue was then dissolved in 
methanol. Next, isopropyl ether was added, so that precipitation occurred again, to obtain 50 mg (yield = 1 1%) of light 
yellow powder. 

NMR (DMSOde) 6: 10.51 (s. 1H). 10.18 (bs. 0.5H). 10.13 (bs. 0.5H). 8 61 (s. 1H). 8.55 (d. 2H). 8.33 (s. 0.5H). 
8.11 (S. 0.5H). 7.89-7.49 (m. 7H). 7.39 (d. 2H). 7.23 (d. 1H). 3.77 (s. 2H). 3.57 (t. 4H). 3.36 (t. 4H). 2.31 (s. 3H) 
IR (KBr) cm* 1 : 3422. 1647. 1508. 1318. 1239. 829 

Formulation Example 1 



Compound No. 2053 a 


s an active ingredient 


30 g 


Lactose 




68g 


Crystalline cellulose 




20 g 


Magnesium stearate 




2g 



The components described above are mixed in the above composition and the resulting mixture was formulated 
into core tablets by a targeting machine. Each of the core tablets weighed 120 mg containing 30 mg of Compound No. 
2053 and had a diameter of 7 mm. 

Talc was then sprinkled on each core tablet and the surface having talc was then coated with varnish to form an 
undercoat Additional varnish coating was repeated so as to obtain tablets suitable for the internal uses. Color coating 
was further conducted. After drying, the tablets having the color coats were waxed and polished into tablets of uniform 
gloss. 

Formulation Example 2 

As an active ingredient, 1 g of Compound No. 2053 was weighed and dissolved in 1.000 ml of sterilized propylene 
glycol. The resting solution was poured and enclosed in ampoules so as to obtain injections in ampoules, each of which 
contained 5 ml of the solution. 

Test Example 1 



Investigation was made on the linkage of each compound to ON A. The test was carried out by comparing a Tm 
value in the case that the compound was added to the DNA solution with a Tm value in the case that no compound was 
added thereto. 

That is to say. poly d(A-T)-d(A-T) was used as the DNA. This DNA was dissolved in a buffer solution and the com- 
pound was further added thereto, and the Tm value was then measured. On the other hand, the Tm of the DNA alone 
was measured, and a difference (ATm) was then calculated. For the measurement, a U-3200 model spectrophotometer 
made by Hitachi, Lid. was used, and for the control of temperature. SPR-10 model made by Hitachi. Ltd. was used. 

. — _* 1 AAA^ I TA 4 J«P 



The ATm of Compound 2001 was obtained, and it was 14°C. 



Test Example 2 
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The anticancer activity of each compound will be described. Table 2 shows the anti-tumor activity of the typical 
compounds. This test was carried out by measuring an in vitro inhibitory activity on tumor cell growth. That is to say. the 
B16 melanoma cells of a mouse were planted on a culture plate having 96 cells, and a compound was then added after 
one day and the cells were cultured at 37°C for 3 days in 5% C0 2 - Next, a compound concentration (IC50) necessary 
to accomplish a 50% growth inhibitory effect was determined in accordance with a procedure described in Cancer. Res.. 
Vol. 48. p. 589-601 (1 988). The unit of the drug concentration was fig/ml. The result of distamycin is also simultaneously 
shown as a comparative example. 



Table 2 



Anti-tumor activity 


Compound No. 


ICso&ig/m!) 


2 


0.58 


29 


3.05 


47 


0.38 


1001 


0.36 


1010 


3.19 


2001 


0.82 


2004 


0.53 


2006 


0.65 


2011 


0.97 


2014 


1.18 


2016 


2.08 


2031 


1.56 


2041 


0.37 


2044 


0.72 


2046 


0.39 


2051 


0.49 


2053 


0.33 


2054 


0.41 


2063 


3.48 


2073 


1.19 


Distamycin 


36 



Test Example 3 

A cell floating solution having 1x10 7 mouse colon cancer cells of Colon 26 per ml of HBSS (Hanks* Balanced Salt 
Solution) was prepared. Next, 0.1 ml of this cell floating solution was implanted in the side abdomen hypodermis of a 
female COF1 mouse (0 day). On the day after the tumor implantation (1 st day), the weight of the mouse was measured, 
and a solution of a compound (a 5% glucose solution containing 5% Tween 80) was administered into the tail vein of 
the mouse. On the 15th day. the tumor was extracted, and its weight was then measured. 

An average tumor weight ratio of each experimental sample was calculated as a T/C value on the assumption that 
the average tumor weight ratio of a control to which any compund was not administered was 100%. 
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Table 3 shows the results of the test. The T/C values correspond to compound numbers, respectively, and each 
value in the parentheses represents the concentration of the drug at the time when its T/C value was obtained. 



Table 3 



Compound No. 


T/C (%) 


Dose (mg/kg) 


2001 


13 


30 


2006 


21 


10 


Adriamycin 


29 


20 



is Claims 

1. A compound represented by the following formula (1) or its pharmacologically acceptable salt: 



20 



25 



H 



wherein each of m and n is independently an integer of from 0 to 5; each of R t and R 2 is independently a hydrogen 
atom, a halogen atom, an alkylthio group having 1 to 8 carbon atoms, an amino 
so group which may be substituted, an ammonium group which may be substituted, a sulfbnium group which may be 
substituted, a phenyl group which may be substituted, a hetero-f ive-membered ring group which may be substituted, 
a hetero-six-membered ring group which may be substituted, an amidino group, a guanidino group, an amino acid 
residue or a group represented by the formula (2) 



R 4 

R 6 

— - 

wherein R3 is a direct bond or an oxygen atom {when R 3 is an oxygen atom, morn of (CH 2 ) m or (CH^n to which 
45 R3 bonds is not 0}; R4 is a hydrogen atom, an alky! group having 1 to 8 carbon atoms, an alkoxy group having 1 to 
8 carbon atoms, a halogen atom, a trifluoromethyl group, a cyano group, an amidino group, a carboxyl group or - 
COR7 wherein R 7 is an alkyiamino group having 1 to 8 carbon atoms which may be substituted by a substituted 
amino group, an amino group which may be substituted by a phenyl group which may be substituted, or a ben- 
zylamtno group which may be substituted; R 5 is a hydrogen atom, an alkyl group having 1 to 8 carbon atoms, an 
so alkoxy group having 1 to 8 carbon atoms or a halogen atom; Re is a -iCH^pUiH^ or -KCH 2 ) p NR 8 R9 wherein p is 
an integer of from 0 to 5; R 8 is -CH 2 CH 2 W wherein W is a halogen atom, a hydroxyl group, a mesyloxy group or a 
tosyloxy group or -OCOR7 wherein R 7 is as defined above; R9 is an alkyl group having 1 to 5 carbon atoms or a 
mesyl group; 

the phenyl group having a R1 (CHACON H group in formula (1) can be substituted by the R 1 (CH 2 ) m CONH 
55 group at any position. 

position of the phenyl group. 

2. The compound or its pharmacologically acceptable salt according to claim 1 wherein Rj and/or R 2 is an alkylthio 
group having 1 to 4 carbon atoms. 



3 * ??CH P ha " nac ° , °9 i f a «y acceptable salt according to claim 1 wherein the phenyl group having a 
groui 9fOUP ^ ( } ' S Substi,uted by the R i(CH 2 ) m CONH group at the 3- or position of the phenyl 

4. The compound or its pharmacologically acceptable salt according to Claim 1 or 3 wherein R 1 is a halogen atom or 
a group represented by formula (2). ' ^ < " om w 

5. The compound or its pharmacologically acceptable salt according to any one of Claims 1 . 3 or 4 wherein R, is a 
halogen atom or a group represented by formula (2). 2 

6 * ™!S2^^f 8 Pharm f° l09iCalIy acce P table 8311 accore,i "9 to Claim 4 wherein R 2 is an amino group which 
may be substituted, a guanidino group or an amidino group. H 

9. A pharmaceutical composition according to claim 8 which is an anticancer composition. 

10. A pharmaceutical composition according to claim 8 which is an antimicrobial composition. 

11. A pharmaceutical composition according to claim 8 which is an antiviral composition. 

1 2. Use of a compound or its pharmacologically acceptable salt described in any one of Claims 1 to 7 for the preparation 
of an antcancer agent, an antimicrobial agent or an antiviral agent. Preparation 
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[From equivalent EP1077700B1] Background o f the Invention 

This invention relates to small molecule inhibitors of the IgE 
response to allergens that are useful in the treatment of allergy 
and/or asthma or any diseases where IgE is pathogenic. 

An estimated 10 million persons in the United States have 
asthma, about 5% of the population. The estimated cost of asthma 
in the United States exceeds $6 billion. About 25% of patients with 
asthma who seek emergency care require hospitalization and the 
largest single direct medical expenditure for asthma has been 
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K hTT* 88 (emergency care), at a cost of greater 
than $1.6 billion. The cost for prescription medications which 
increased 54% between 1985 and 1990, was close °behX at $1 1 
billion (Kelly, Pharmacotherapy 12:13S-21S (1997)) 
a jS rd ' ng t0 . th f National Am bulatory Medical Care Survey 
dS«ct aCC ? UntS f ° r 1% of a " am bulatory care visits, and the 
i S n nUe ! t0 be 3 s, '9 nifican t ca^e °f missed schoof days 
in children. Despite improved understanding of the disease orocess 
and better drugs, asthma morbidity and mortality continue tc > °se in 
SSjmS!? 8 (U.S q Department JhSS^ZX 
a^T^ ThUS ' aSthma C ° nStitUtes 

ac ^* ath0 ^ hy i iologic P rocesse s that attend the onset of an 
boJ mi C k e H P h°K e Ca K be broken down into essentially two pnases 
tinSnT arked ^ br0nchOConstriction - that causes wheezing chest 
tightness, and dyspnea. The first, early phase asthmatic resDonVe is 
triggered by allergens, irritants, or exercise. AllergenJcroS-Hnk 
immunoglobulin E (IgE) molecules bound to receptors on mast 
cells, causing them to release a number of pre-fofmed inflammatorv 

oTmot ° fS H mClUdin9 hiStamine - Additional triggersSde the ° 
osmot c changes in airway tissues following exercise or the 

nhalat.cn of cold dry air. The second, late phase response that 

Sh^fnfl a Chara t Cteri ^ d by infiltration of ^tivated eosinophils and 
other inflammatory cells into airway tissues epithelial 

desquamonon and by the presence of highly viscous mucus Within 
he airways. The damage caused by this inflammatory response 

Lre V re S a Lt a '^ a r S 'FT*' °' SenSiti2ed ' such that 23 tigers 
are required to elicit subsequent asthma symptoms 

A number of drugs are available for the palliative treatment of 

asthma; however, their efficacies vary markedly. Short-acting p - 

a «thmt T agoni f ts ' terbutaline and albuterol, long the mainstay of 
asthma treatment, act primarily during the early phase as 
bronchodilators. The newer long-acting P 2 -agonists, salmeterol and 
formoterol, may reduce the bronchoconstrictive component of the 
late response. However, because the P 2 -agonists do not possess 

hy^actlt nf>ammat0rV aCtlVity ' th6y haVe n ° 6ffeCt ° n br ° nchial 

a Jt U r?l? r ° US ° ther drUgS target SDecific as P ects of the early or late 
fnhih m ^ri re h SP ? nSeS - Forexa mple, antihistamines, like loratadine 

nhibit early h.stamine-mediated inflammatory responses Some of 
the newer antihistamines, such as azelastine and ketotifen Tav 
have both antiinflammatory and weak bronchodilatory ^1^1 

hey currently do not have any established efficacy^asthmJ 
treatment. Phosphodiesterase inhibitors, like theophylNne/xanthines 
2k™T?J? te infla mmatory responses, but there Is no ' 
AnShT 6S , e impounds decrease bronchial hyperreactivity 
Anticholinergics, I.ke ipratopium bromide, which are used in cases 
^ U ln aSth , ma to ; nhi bit severe bronchoconstriction, have nT 
effect on early or late phase inflammation, no effect on bronchial 
hyperreactivity, and therefore, essentially no role in chronfc therapy. 

The corticosteroid drugs, like budesonide, are the most Dotent 
^.inflammatory agents. Inflammatory mediator releaselnhS 
ike cromolyn and nedocromil. act by stabilizing mast cells and 
thereby inh.b.ting the late phase inflammatory response^ to aflergen 
Thus, cromolyn and nedocromil. as well as the corticosteroids aM 
reduce bronchial hyperreactivity by minimizing the sensSg effect 

*n Sr™^ damage t0 the airwa y s Unfortunately, these 9 
antiinflammatory agents do not produce bronchodilation. 
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Several new agents are currently being developed that inhibit 
specific aspects of asthmatic inflammation^For instance 
feukotriene P receptor antagonists (ICI-204, Jl^accolate) 
soecificallv inhibit leukotriene-mediated actions. The ,eu kotr i enes 
have been implicated in the production of both airway .nflammafon 
and bronchoconstriction. 

Thus while numerous drugs are currently available for the 
treatment of asthma, these compounds are primarily pal .at.ve 
andS have significant side effects. Consequently new therapeutic 
approaches which target the underlying .cause rather ^an the 
cascade of symptoms would be highly desirable. Asthma and 
^Sy sharea common dependence on IgE-med.ated events 
fndeed it is known that excess IgE production is the underlying 
STse clergies in genera, and anergic asthma , in l-jcfl" 
muDlantier and Cheng, Ann. Rep. Med. Chem. 29.73-81 pay*)). 
Thus, compounds that lower IgE levels may be effective in treating 
th<* underlvinq cause of asthma and allergy. 

None of !he current therapies eliminate the excess c-rcu atmg 
laE The hypothesis that lowering plasma IgE may reduce tne 
allergic response, was confirmed by recent clinical results w.th 
chfmeric anti-.gE antibody. CGP-61901 and recomb^ant 
humanized monoclonal antibody, rhuMAB-E25. Indeed, tnree 
SmpSntes Tanox Biosystems, Inc., Genentech Inc. and Novartis 
AG Te cotiaborating in the development of a "^an^ed anWgE 
antibody °BioWorld® Today. February 26. 1997, p 2) wh^h wrtl 
Treat allergy and asthma by neutralizing excess IgE- Tanox has 
already successfully tested the anti-lgE antibody CGP-51901 
wnTch reduced the severity and duration of nasa symptoms of 
alleraic rhinitis in a 155-patient Phase II trial (Scrip #2080, Nov 
nSTol£ Genentech recently disclosed positive results from a 
cm natipnt Dhase-ll/lll trials of its recombinant humanized 
monoc oTa?an^o a rmuMAB-E25 (BioWorld® Today November 
10 1998, p. 1). The antibody, rhuMAB-E25, administered by 
injection highest dose 300 mg every 2 to 4 weeks as needed) 
praSa ISo/o reduction in the number of days a patient ^required 
additional "rescue" medicines (antihistim.nes and decongestants) 
compared to placebo. An NDA filing for this product is projected to 
beTn fhe year 2000. The positive results from ant.- gE antibody 
trials suggest that therapeutic strategies aimed at IgE down- 
regulation may be effective. 

Si S3^Sdoses a family of related compounds 
for use in the treatment of a condition associated with an excess 
Se level The benzimidazole inhibitors of IgE in accordance with 
he prelent invention are represented by the generic ^formula. X .mi 
Y are independently selected from the group consisting of H a kyl, 
alkoxy anyl, substituted aryl, hydroxy, halogen amino .alkylam.no, 
niS-o^cyano, CF 3 , OCF 3 . CONH 2 , CONHR and NHCOR R « 
selected from the group consisting of H, CH 3 , C 2 H 5 . C 3 H 7 , C 4 H 9 , 
CH Ph, and CH 2 C 6 H 4 -F(p-). R, and R 2 are independently selected 
from the group consisting of H, aryl, substituted aryl. cycloaryl 
Stifute'd cycloaryl, multi-ring cycloaryl benzy ^ubstrtuted benzyl 
and the like. Substitutions are alkyl, aryl, CF 3 , CH 3 , OOM 3 , un, oin, 

C ^n 0 a R cco?dan^^^ aspect of the invention, there is 

disclosed a composition for use in the treatment of an alle g.c 
Stton comprising the diacyl benzimidazole inh.bjor of IgE 
aSSosed above and at least one additional active .ngred.ent, 
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phosphodiesterase inhibitor, an anticholinergic agent, a 
corticosteroid, an inflammatory mediator release inhibitor or a 
leukotriene receptor antagonist 

The compound is preferably administered at a dose of about 0.01 
mg to about 100 mg per kg body weight per day in divided doses of 
said compound for at least two consecutive days at regular periodic 
intervals. 

Other variations within the scope of the present invention may be 
more fully understood with reference to the following detailed 
description. 

Detailed Description of the Preferred Embodiment 

The present invention is directed to small molecule inhibitors of 
IgE (synthesis and/or release) which are useful in the treatment of 
allergy and/or asthma or any diseases where IgE is pathogenic. The 
particular compounds disclosed herein were identified by their 
ability to suppress IgE levels in both ex vivo and in vivo assays. 
Development and optimization of clinical treatment regimens can be 
monitored by those of skill in the art by reference to the ex vivo and 
in vivo assays described below. 

Ex Vivo Assay 

This assay begins with in vivo antigen priming and measures 
secondary antibody responses in vitro. The basic protocol was 
documented and optimized for a range of parameters including: 
antigen dose for priming and time span following priming, number of 
cells cultured in vitro, antigen concentrations for eliciting secondary 
IgE (and other Ig's) response in vitro, fetal bovine serum (FBS) 
batch that will permit optimal IgE response in vitro, the importance 
of primed CD4+ T cells and hapten-specific B cells, and specificity 
of the ELISA assay for IgE (Marcelletti and Katz, Cellular 
Immunology 135:471^489 (1991); incorporated herein by reference). 

The actual protocol utilized for this project was adapted for a 
more high throughput analyses. BALB/cByj mice were immunized 
i.p. with 10 |jg DNP-KLH adsorbed onto 4 mg alum and sacrificed 
after 15 days. Spleens were excised and homogenized in a tissue 
grinder, washed twice, and maintained in DMEM supplemented with 
10% FBS, 100 U/ml penicillin, 100 pg/ml streptomycin and 0.0005% 
2-mercaptoethanol. Spleen cell cultures were established (2-3 
million cells/ml, 0.2 ml/well in quadruplicate, 96-well plates) in the 
presence or absence of DNP-KLH (10 ng/ml). Test compounds (2 
|jg/ml and 50 ng/ml) were added to the spleen cell cultures 
containing antigen and incubated at 37 ° C for 8 days in an 
atmosphere of 10% C0 2 . 

Culture supernatants were collected after 8 days and Ig's were 
measured by a modification of the specific isotype-selective ELISA 
assay described by Marcelletti and Katz (Supra). The assay was 
modified to facilitate high throughput. ELISA plates were prepared 
by coating with DNP-KLH overnight. After blocking with bovine 
serum albumin (BSA), an aliquot of each culture supernatant was 
diluted (1:4 in phosphate buffered saline (PBS) with BSA, sodium 
azide and Tween 20), added to the ELISA plates, and incubated 
overnight in a humidified box at 4° C. IgE levels were quantitated 
following successive incubations with biotinylated-goat antimouse 
IgE (b-GAME), AP-streptavidin and substrate. 

Antigen-specific lgG1 was measured similarly, except that culture 
supernatants were diluted 200-fold and biotinylated-goat antimouse 
lgG1 (b-GAMG1) was substituted for b-GAME. lgG2a was 
measured in ELISA plates that were coated with DNP-KLH following 
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combined in a pharmaceutical^ acceptable diluent The additional 
active ingredients may be selected from the group consisting of 
short-acting p 2 -adrenergic agonists, like terbutaline and albuterol, 
long-acting P 2 -adrenergic agonists, like salmeterol and formoterol, 
antihistamines, like loratadine, azelastine and ketotifen, 
phosphodiesterase inhibitors, anticholinergic agents, 
corticosteroids, inflammatory mediator release inhibitors and 
leukotriene receptor antagonists. 

In accordance with another aspect of the invention, there is 
disclosed a family of symmetric and asymmetric diacyl and 
monoacyl benzimidazole compounds for use in the treatment of an 
allergic condition comprising the following species: 

In accordance with another aspect of the present invention, there 
is disclosed a method for the preparation of a medicament for 
treatment of a condition associated with an excess IgE level. The 
compound has the formula: X and Y are independently selected 
from the group consisting of H, alkyl, alkoxy, aryl, substituted aryl, 
hydroxy, halogen, amino, alkylamino, nitro, cyano, CF 3 , OCF 3 , 
CONH 2 , CONHR and NHCOR r R is selected from the group 3 
consisting of H, CH 3 , C 2 H 5 , C 3 H 7 , C 4 H g , CH 2 Ph, and CH 2 C 6 H 4 -F(p-). 
R 1 and R 2 are independently selected from the group consisting of 
H, aryl, substituted aryl, cycloaryl substituted cycloaryl, multi-ring 
cycloaryl, benzyl, substituted benzyl and the like. Substitutions are 
alkyl, aryl, CF 3 , CH 3 , OCH 3 , OH, CN, COOP, COOH and the like. 

In accordance with another aspect of the present invention, there 
is disclosed a method of treating a mammal having a condition 
associated with an excess IgE level. The method comprises 
administering to the mammal an amount of a compound sufficient to 
reduced IgE levels in the mammal. The compound has the formula: 
X and Y are independently selected from the group consisting of H, 
alkyl, alkoxy, aryl, substituted aryl, hydroxy, halogen, amino, 
alkylamino, nitro, cyano, CF 3 , OCF 3 , CONH 2 , CONHR and 
NHCOR r R is selected from the group consisting of H, CH 3 , C 2 H 5 , 
C 3 H 7. C 4 H 9» CH 2 Ph - an d CH 2 C 6 H 4 -F(p-). R 1 and R 2 are 
independently selected from the group consisting of H, aryl, 
substituted aryl, cycloaryl substituted cycloaryl, multi-ring cycloaryl, 
benzyl, substituted benzyl, alkyl, cycloalkyl substituted cycloalkyl, 
multi-ring cycloalkyl, fused-ring aliphatic, cyclopropyl, substituted* 
cyclopropyl, cyclobutyl, substituted cyclobutyl, cyclopentyl, 
substituted cyclopentyl, cyclohexyl, substituted cyclohexyl, 
cycloheptyl, substituted cycloheptyl, bicycloheptyl, bicyclooctyl, 
bicyclononyl, substituted bicycloalknyl, adamantyl, substituted 
adamantyl and the like, wherein at least one of R1 and R2 are 
aromatic groups. Substitutions are alkyl, aryl, CF 3 , CH 3 , OCH 3 , OH, 
CN, COOR, COOH and the like. 

In a variation of the above-disclosed method, at least one 
additional active ingredient may be administered in conjunction with 
the administration of the compound. The additional active ingredient 
may be combined with said compound in a pharmaceutical^ 
acceptable diluent and co-administered to the mammal. The 
additional active ingredient may be a short-acting p 2 -adrenergic 
agonist selected from the group consisting of terbutaline and 
albuterol. In a variation, the additional active ingredient may be a 
long-acting p 2 -adrenergic agonist selected from the group 
consisting of salmeterol and formoterol or an antihistamine selected 
from the group consisting of loratadine, azelastine and ketotifen. In 
another variation, the additional active ingredient may be a 
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2S5SS determined by comparison to a standard curve. 
?he level of detectability of all antibody was about 200-400 pg/ml 
In6 Ihere was less than 0.001% cross-reactiv,ty with any other Ig 
isotype in the ELISA for IgE. 

^G^o^mS found to be active in the ex vivo assay (above) were 
fuSSJffi^Xir aoUvlty in suppressing IgE responses ,n v,vo. 
M^e receiving low-dose radiation prior to immunization with a 
SeSbited an enhanced IgE response to sensit.zat.on with 
Staen 7 days later. Administration of the test compounds 
fmSatel/prior to and after antigen sensitization measured the 
S5£ -SnfSrt drug to suppress the IgE response. The levels of IgE. 

^^c^Z:^^ with 250 rads 7 hours 
aftefSion of the daily light cycle. Two hours later, the m.ce were 

9 ^P n !tatSn Tun of DNP-KLH was administered i.p. in 4 mg 
ir^hi^SSS *• morning injection of drug. Mice 
were'b.ed 7-21 d|s following g^-JS^ measured 
l^^lS^ft^. ^ ^^ at 14,000 rpm for 10 

?!S) and anti-DNP lgQ1 (1:1600 to 1:12800). 

*fg*^ generic formula were 

JSSSS^^SSSLi for meir effectiveness in down-regu.ating 

,9 ^Y^dl^^ , SSSd from the group consisting of 

H, alky I? a\o^ '.aryf '^^^^^S^JS"" 0 ' 
alkylam.no. nitro. cyano. CF 3 , OCF 3 , CONH 2 , CONHK ana 
NHCOR R is selected from the group consisting of H, ch 3 , o 2 n 5 , 
C H 7 . C 4 H 9 . CH 2 Ph, and CH 2 C 6 H 4 -F(p-). R, and R 2 are 

«v « rina cvcloalkvl fused-ring aliphatic, cyclopropyl, substituted 
SSS£3^dS^" substituted cyclobutyl, cyclopenty 
subsSuted cSSopentyl cyclohexyl, substituted cyclohexyl 
cvcloheptyl substituted cycloheptyl, bicycloheptyl b.cyc ooctyl, 
bClononyl substituted bicyc.oa.knyl, adamanty. su^tuted 
adamantyl and the like, wherein at leas one of R1 and R2 are 
aromatic groups. Substitutions are alkyl, aryl, CF 3 , CH 3 . OCH 3 , un, 
CN, COOR, COOH and the like. 

^Si^^S^^^oi the present invention 
weTe prepared usTng the following synthesis reactions, where.n the 
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desired acid chlorides are selected from the R1 and R2 groups 
provided in the Table. 

Synthesis of 3: 4-Nitro-1,2-phenylenediamine (10 g 65 3 mmol) 
and 4-aminobenzoic acid (8.95 g, 65.3 mmol) were taken in a round 
bottomed flask and phosphorus oxychloride (95 ml) was added 
slowly. The reaction mixture was allowed to stir under reflux 
conditions. After 18 h, the reaction was allowed to cool and then 
poured slowly into an ice water mixture in an Erlenmeyer flask with 
vigorous stirring. Greenish yellow precipitate fell out which was then 
filtered and washed with copious amounts of water. The residue 
was then dried to obtain 16.9 g of crude desired product. Mass 
spectrum analysis (positive ion) indicated presence of 3. 

Synthesis of 4: Benzimidazole 3 (800 mg, 3.14 mmol) was 
dissolved in dry pyridine (5 ml) in a scintillation vial and the desired 
acid chlorides (1.1 eq) were added slowly. The reactions were 
carried out in an oven at 60C. After 16h, the reaction was cooled to 
RT and Dl water was added. Precipitation took place, which was 
filtered off, washed with water and air dried. The aqueous layer was 
extracted with EtOAc (6 x 50 ml), dried over anhydrous Na 2 S0 4 and 
the solvent was removed in vacuo to result in a colored solid. By 
positive ion MS the desired monoacylated product was found to be 
present in the initial precipitate as well as in the organic layer. 
Hence the solid residues obtained were combined and used as 
such for the reduction step. 

Reduction of 4: Crude monoacylated nitro benzimidazole 4 (1 22 
g, 3.40 mmol) was dissolved in MeOH (20 ml) and minimum amount 
of THF was added for complete dissolution to occur. Catalytic 
amount of 10% Pd on C was added and the solution was degassed 
and allowed to stir at 3.4 atm pressure under H 2 atmosphere for 4 h. 
Upon completion of reaction as observed via TLC, the reaction 
mixture was filtered through celite and the solvent was removed 
under reduced pressure to afford 979 mg of crude residue. 



General Organic Analyses 

HPLC/MS data was obtained using a Gilson semi-prep HPLC 
with a Gilson 170 Diode Array UV detector and PE Sciex API 
100LC MS based detector. A Waters 600E with a Waters 490E UV 
detector was also used for recording HPLC data. The compounds 
were eluted with a gradient of CH 3 CN (with 0.0035% TFA) and H z O 
(with 0.01% TFA). Both HPLC instruments used Advantage C18 * 
60A 5p 50mm x 4.6mm columns from Thomson Instrument 
Company. Mass spectra were obtained by direct injection and 
electrospray ionization on a PE Sciex API 100LC MS based 
detector. Thin layer chromatography was performed using Merck 
60F-254 aluminum backed precoated plates. Flash chromatography 
was carried out on Merck silica gel 60 (230-400 mesh) purchased 
from EM Scientific. 



Synthes es of Symmetrical Diamides 

The symmetrical diacyl benzimidazole compounds of the present 
invention were generally prepared from 2-(4-aminophenyl)-5- 
aminobenzimidazole, which was obtained by reduction of 2-(4- 
nitrophenyl)-6-nitrobenzimidazole. The dinitro benzimidazole was 
prepared as follows: a mixture of 4-nitrophenylenediamine (6.4g, 
41 .83 mmol) and 4-nitrobenzoic acid (7.86 g, 47 mmol) was 
dissolved in POCI 3 (250 ml) and heated to reflux for 2 h. The 
reaction mixture was cooled, poured on to ice, and stirred for 30 
min. The resulting solid was filtered and washed with methanol and 
sodium bicarbonate to remove unreacted acid and allowed to dry 
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JET a dark 'Srown'Sd (0.37 g) that was used without further 
^MemaSvely the 2-(4-aminophenyl)-5-aminobenzimidazole was 
Dreoare^ ^bylhe following reduction: 2-(4-nitrophenyl)-6- 

HP 2 L f4 l Zin?ph1n, 7 .).S-me m ox, benzimidazoie war .synthesized 
J^nSSV—i benzimidazole, which was 
Sart a" fouows" 1 .2^amino^-me.ho^benzene (1^6 g ao 

^TrSt^^^ 

dissolving 1 g of the above nitrobenzimidazole in 30 A Na,t> sn,^ 

aissoivu.y a reaction m xture was diluted 

(20 ml) with stirnng j at RT for h The react ^ 

and heated to reflux for 2.5 hoars. The reacbon mixtare was cooled 
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and cautiously poured onto ice. The resulting solid was filtered 
washed with NaHC0 3 and used without further purification. 

2.(4-Aminophenyl)-7-methyl benzimidazole was synthesized by 
dissolving 1 g of the above nitrobenzimidazole in 30% Na S»9H O 
(20 ml) with stirring at RT for 4.5 h. The reaction mixture was diluted 
with water and extracted with EtOAc. The combined organic 
extracts were dried over sodium sulfate and concentrated under 
vacuum. The product was characterized by mass spectroscopy. 

2.(4-Aminophenyl)-6-methyl benzimidazole was synthesized from 
2-(4-nitrophenyl)-6-methyl benzimidazole, which was prepared by 
mixing 1,2-diamino-4-methylbenzene (1.24 g, 9.8 mmole) with 4- 
nitrobenzoic acid (1.6 g, 9.9 mmole) and dissolved in POCI (10 ml) 
and heated to reflux for 2.5 hours. The reaction mixture was cooled 
and cautiously poured onto ice. The resulting solid was filtered 
washed with NaHC0 3 and used without further purification. 

2.(4-Aminophenyl)-6-methyl benzimidazole was synthesized by 
dissolving 1 g of the above nitrobenzimidazole in 30% Na 2 S*9H O 
(20 ml) with stirring at RT for 4.5 h. The reaction mixture was diluted 
with water and extracted with EtOAc. The combined organic 
extracts were dried over sodium sulfate and concentrated under 
vacuum. The product was characterized by mass spectroscopy 

2.(4-Aminophenyl)-5,6-dimethyl benzimidazole was synthesized 
from 2-(4-nitrophenyl)-5,6-dimethyl benzimidazole, which was 
prepared by mixing 1,2-diamino-4,5-dimethylbenzene (1 38 g 10 1 
mmole) with 4-nitrobenzoic acid (1.69 g, 9.9 mmole) and dissolved 
in POCI 3 (10 ml) and heated to reflux for 2.5 hours. The reaction 
mixture was cooled and cautiously poured onto ice. The resulting 
solid was filtered, washed with NaHC0 3 and used without further 
purification. 

2.(4-Aminophenyl)-5,6-dimethyl benzimidazole was synthesized 
by dissolving 1 g of the above nitrobenzimidazole (31.1) in 30% 
Na 2 S*9H 2 0 (20 ml) with stirring at RT for 4.5 h. The reaction mixture 
was diluted with water and extracted with EtOAc. The combined 
organic extracts were dried over sodium sulfate and concentrated 
under vacuum. The product was characterized by mass 
spectroscopy. 

The subsequent preparation of symmetrical diamides was 
accomplished by one of the following methods: 

Method A: 2-(4-Aminophenyl)-6-aminobenzimidazole (1 
mmole) was suspended in THF (5 ml) to which was added 
DIEA (2.5 mmole) and mixture cooled to -78° C. To the 
above cooled mixture was added the acid chloride (2.5 
mmole) and let warm to RT overnight. Water (2 ml) is added 
to the reaction and extracted with EtOAc. The combined 
organic extracts were combined washed with NaHC0 3 (aq.) 
and concentrated under reduced pressure. The resulting 
residue was purified on silica gel (hexanes/EtOAc or 
MeOH/CH 2 CI 2 ) or reverse phase HPLC (CHXN/H O). 

3 2 ' 

Method B: 2-(4-Aminophenyl)-6-aminobenzimidazole (1 
mmole) and DMAP (cat.) was dissolved in pyridine (5 ml) To 
the above solution was added the acid chloride (2.5 mmole) 
and the reaction stirred overnight at 60° C. The reaction was 
cooled to room temperature and water added to precipitate 
the product. The resulting solid was collected by filtration with 
the solid being washed by hexanes and water and NaHCO 
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(aq.). The resulting residue was purified on silica gel 
(hexanes/EtOAc or MeOH/CH 2 CI 2 ) or reverse phase HPLC 
(CH 3 CN/H 2 0). 

Method C : 2-(4-Aminophenyl)-6-aminobenzimidazole (1 
mmole) was suspended in THF (10 ml) to which was added 
K 2 C0 3 (2.5 mmole) in water (0.5 ml), and mixture cooled to - 

78° C. To the above cooled mixture was added the acid 
chloride (2.5 mmole) and let warm to RT overnight. Water 
(10 ml) was added to the reaction and extracted with EtOAc. 
The combined organic extracts were combined washed with 
NaHC0 3 (aq.) and concentrated under reduced pressure. 
The resulting residue was purified on silica gel 
(hexanes/EtOAc or MeOH/CH 2 CI 2 ) or reverse phase HPLC 

(CH 3 CN/H 2 0). 

Method D: The carboxylic acid (2.2 mmole), EDC (2.2 
mmole) and DMAP (cat.) was dissolved in hot pyridine. To 
the above solution was added 2-(4-aminophenyl)-6- 
aminobenzimidazole (1 mmole) and heated to 60° C 
overnight. The cooled reaction mixture was partitioned 
between water and EtOAc. The organic layer was washed 
with NaHCCX, dried over Na 0 SO. and concentrated under 

o 2 4 

vacuum. The resulting residue was purified on silica gel 
(hexanes/EtOAc or MeOH/CH 2 CI 2 ) or reverse phase HPLC 

(CH 3 CN/H 2 0). 

Diacyl Benzimidazole Species 

The following species encompassed within the disclosed generic 
formula were synthesized and tested for their ability to suppress 
IgE. The species are presented above in the Summary of the 
Invention. 

Su ppression of IgE Response 

The inhibitory activity of the small molecules of the present 
invention were assayed using both the ex vivo and in vivo assays 
as described above. All of the compounds presented above were 
active in suppressing the IgE response. In the ex vivo assay, 
compounds in genuses l-XI produced 50% inhibition at 
concentrations ranging from 1 pM to 10 jjM. In the in vivo assay, the 
compounds were effective at concentrations ranging from less than 
about 0.01 mg/kg/day to about 25 mg/kg/day, when administered in 
divided doses (e.g., two to four times daily) for at least two to seven 
consecutive days. Thus, the small molecule inhibitors of the present 
invention are disclosed as being useful in lowering the antigen- 
induced increase in IgE concentration, and consequently, in the 
treatment of IgE-dependent processes such as allergies in general 
and allergic asthma in particular. 

Treatment Regimens 

The amount of the IgE inhibitor compound which may be effective 
in treating a particular allergy or condition will depend on the nature 
of the disorder, and can be determined by standard clinical 
techniques. The precise dose to be employed in a given situation 
will also depend on the choice of compound and the seriousness of 
the condition, and should be decided according to the judgment of 
the practitioner and each patient's circumstances. Appropriate 
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dosages can be determined and adjusted by the practitioner based 
on dose response relationships between the patient's IgE levels as 
well as standard indices of pulmonary and hemodynamic changes. 
Moreover, those skilled in the art will appreciate that dose ranges 
can be determined without undue experimentation by following the 
protocol(s) disclosed herein for ex vivo and in vivo screening (See 
for example Hasegawa et al., J- Med. Chem. 40: 395-407 (1997) 
and Ohmori et al., Int. J. Immunopharmacol. 15:573-579 (1993); 
employing similar ex vivo and in vivo assays for determining dose- 
response relationships for IgE suppression by naphthalene 
derivatives; incorporated herein by reference). 

Initially, suitable dosages of the compounds will generally range 
from about 0.001 mg to about 300 mg per kg body weight per day in 
divided doses, more preferably, between about 0.01 mg and 100 
mg per kg body weight per day in divided doses. The compounds 
are preferably administered systemically as pharmaceutical 
formulations appropriate to such routes as oral, aerosol, 
intravenous, subcutaneously, or by any other route which may be 
effective in providing systemic dosing of the active compound. The 
compositions of pharmaceutical formulations are well known in the 
art. The treatment regimen preferably involves periodic 
administration. Moreover, long-term therapy may be indicated 
where allergic reactions appear to be triggered by continuous 
exposure to the allergen(s). Daily or twice daily administration has 
been effective in suppressing the IgE response to a single antigen 
challenge in animals when carried out continuously from a period of 
two to seven consecutive days. Thus, in a preferred embodiment, 
the compound is administered for at least two consecutive days at 
regular periodic intervals. However, the treatment regimen, 
including frequency of dosing and duration of treatment may be 
determined by the skilled practitioner, and modified as needed to 
provide optimal IgE down-regulation, depending on nature of the 
allergen, the dose, frequency, and duration of the allergen 
exposure, and the standard clinical indices. 

In one embodiment of the present invention, an IgE-suppressing 
compound may be administered in conjunction with one or more of 
the other small molecule inhibitors disclosed, in order to produce 
optimal down-regulation of the patient's IgE response. Further, it is 
envisioned that one or more of the compounds of the present 
invention may be administered in combination with other drugs 
already known or later discovered for treatment of the underlying 
cause as well as the acute symptoms of allergy or asthma. Such 
combination therapies envisioned within the scope of the present 
invention include mixing of one or more of the small molecule IgE- 
inhibitors together with one or more additional ingredients, known to 
be effective in reducing at least one symptom of the disease 
condition. In a variation, the small molecule IgE-inhibitors herein 
disclosed may be administered separately from the additional 
drugs, but during the same course of the disease condition, wherein 
both the IgE-inhibitor(s) and the palliative compounds are 
administered in accordance with their independent effective 
treatment regimens. 

While a number of preferred embodiments of the invention and 
variations thereof have been described in detail, other modifications 
and methods of use will be readily apparent to those of skill in the 
art. Accordingly, it should be understood that various applications, 
modifications and substitutions may be made of equivalents without 
departing from the spirit of the invention or the scope of the claims. 
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